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Paper  No.  i. 


PARK  ENGINEERING  IN  THE  BOROUGHS  OF 
MANHATTAN  AND  THE  BRONX. 


By  Nelson  P.  Lewis,  Member  of  the  Society. 
Presented  April  22d,  1903. 


The  provision  of  parks  and  playgrounds  for  the  dwellers  in  cities 
is  by  no  means  the  result  of  modern  civilization,  or  an  evidence  of 
that  altruistic  spirit  which  is  to-day  so  active  in  providing  pleasure 
and  recreation  for  those  whose  lives  would  otherwise  be  hard  and 
monotonous. 

In  looking  for  the  first  attempts  at  park  making,  we  must  go  back 
to  ancient  Egypt,  the  land  of  mystery  and  the  grandmother  of  civili- 
zatioD.  The  Egyptians  undoubtedly  had  parks  at  a  time  antedating 
the  oldest  records  on  their  monuments.  They  are  supposed  to  have 
had  formal  gardens  in  which  architectural  features  were  freely  intro- 
duced. The  idea  of  parks  was  borrowed  from  Eygpt  by  the  Assyrians, 
and  later  by  the  Greeks,  who  were  indebted  to  the  country  of  the 
Nile  for  so  many  of  their  arts  and  sciences.  The  Romans,  in  turn, 
carried  park  development  much  further  than  did  their  predecessors,  and 
Rome,  in  the  days  of  the  Cresars,  became  one  great  pleasure-ground. 
Their  parks  were  not  only  many,  but  large,  and  afforded  generous 
facilities  for  games  and  amusements.  The  Romans  were  always  lavish 
in  their  use  of  water,  and  they  introduced  it  freely  in  their  parks,  as 
lakes,  cascades,  and  fountains.  Besides  the  public  pleasure  grounds, 
the  emperors  and  wealthy  nobles  had  their  private  parks,  many  of 
them  of  great  extent,  and  treated  with  much  elaboration. 
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Park  building  suffered  the  same  relapse  as  did  learning  and  the 
arts  during  the  long,  dreary  middle  ages,  but  with  their  renaissance 
came  its  own  revival,  and  Louis  XIV  gave  Paris  a  great  system  of 
parks  and  gardens.  The  French  capital  has,  in  this  respect,  retained 
its  pre-eminence  among  the  great  cities  of  the  world,  as  will  be  seen  by 
a  comparison  of  the  park  reservations  of  some  of  them  drawn  to  the 
same  scale. 

For  many  years  only  a  few  of  the  world's  great  capitals  possessed 
public  parks,  and  they  were  due  to  the  alleged  munificence  of  rulers 
who  could  levy  such  taxes  as  they  saw  fit,  to  reimburse  themselves  for 
the  outlay.  It  was  well  along  in  the  19th  century  before  the  park 
idea  became  so  well  established  in  the  minds  of  all  city  dwellers  that 
every  community  capable  of  supporting  a  city  government  volun- 
tarily taxed  itself  to  provide  something  in  the  way  of  a  public  park. 

According  to  the  third  annual  report  of  the  Board  of  Park  Commis- 
sioners, made  at  the  close  of  the  year  1873,  a  department  of  Public 
Parks  in  the  former  City  of  New  York,  or  the  Boroughs  of  Manhattan 
and  the  Bronx,  had  its  beginning  as  recently  as  1870.  There  had 
been  since  1857  a  Board  of  Commissioners  of  the  Central  Park,  and,  at 
the  time  of  the  report  referred  to,  there  were  fourteen  parks  over  an 
acre  in  extent,  and  sixteen  small  public  places  ranging  in  size  from 
less  than  one-third  of  a  city  lot  to  an  acre,  and  having  a  combined 
area  of  1  094  acres,  of  which  859  acres  were  in  the  Central  Park,  and 
89  in  Riverside  Park.  This  report  contains  considerable  statistical 
information  about  the  Central  Park,  some  of  which  may  be  of 
interest. 

In  1849,  Mr.  A.  J.  Downing  publicly  urged  the  need  of  a  large  park 
for  the  City. 

In  1851,  Mayor  Kiugslaud  recommended  that  the  Common  Council 
consider  the  question,  and  a  committee  of  that  body  reported  favor- 
ably. 

In  1853  the  Legislature  passed  an  act  fixing  the  present  site  of  Cen- 
tral Park  below  One  Hundred  and  Sixth  Street. 

In  1855,  a  resolution  was  passed  by  the  Common  Council  favoring 
a  reduction  of  the  area,  but  it  was  vetoed  by  Mayor  Fernando  Wood. 

In  1856,  Egbert  L.  Viele  was  appointed  Chief  Engineer,  and  a  topo- 
graphical survey  was  ordered. 
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In  September,  1857,  competitive  designs  for  laying  out  the  park 
were  invited.  The  designs  were  received  in  April,  1858,  and  publicly 
exhibited  for  thirty  days. 

Work  was  ordered  begun  under  the  adopted  plan  on  May  4th,  1858, 
2  000  men  were  at  work  in  August,  and  the  first  tree  was  planted  on 
October  17th.  During  November  there  were  2  600  men  at  work.  Water 
was  let  into  the  lake  on  December  7th,  1858,  and  the  first  skating  was 
12  days  later,  on  December  19th. 

The  year  1859  was  an  active  one,  the  average  force  of  laborers  em- 
ployed during  the  year  being  2  977,  and  in  December  the  Commissioners 
announced  the  construction  of  the  Park  south  of  Seventy-ninth  Street 
to  be  completed,  and  plans  were  ordered  prepared  for  an  extension  to 
One  Hundred  and  Tenth  Street.  This  is  certainly  a  remarkable  record 
of  vigorous  prosecution  of  public  work,  and  yet,  in  June  of  the  fol- 
lowing year,  a  Senate  Committee  came  down  from  Albany  and  inves- 
tigated the  management  of  the  park. 

During  the  year  1864,  it  is  noted  that  two  regiments  of  the  National 
Guard  illegally  paraded  in  the  Park,  that  English  sparrows  were 
introduced  (seven  pairs)  and  the  number  of  visitors  to  the  Park  during 
the  year  was  6  120  179. 

In  1869,  the  self -registering  apparatus  was  first  used  at  the  meteor- 
ological observatory,  a  museum  of  natural  history  was  established  in 
the  Arsenal,  and  steam  rollers  were  first  used  in  the  Park  roads. 

The  investment  of  the  City,  in  Central  Park,  up  to  the  end  of  1873, 
was,  in  round  numbers,  813  902  500,  of  which  85  029  000  was  for  land, 
and  $8  873  500  for  its  improvement.  The  President  of  the  Board,  at 
that  time,  the  late  Mr.  Salem  H.  Wales,  calls  attention  to  the  assessed 
valuations  of  the  real  estate  in  the  three  wards  adjoining  the  Park  at 
the  time  of  the  report.  The  average  increase  in  values  in  other  parts 
of  the  City  from  1856  to  1873,  had  been  about  100%  at  which  rate  the 
valuation  of  these  three  wards  would  have  been  about  $53  000  000, 
whereas  it  actually  was  $236  000  000,  so  that  the  increase,  instead  of 
100%,  as  in  other  parts  of  the  City,  was  nearly  800%,  and  this  enor- 
mous increase,  he  thinks,  was  undoubtedly  the  immediate  result  of 
the  expenditures  made  upon  the  Central  Park.  These  figures  cer- 
tainly demonstrate  that  judiciously  planned  parks  are  not  only  a 
luxury,  but  a  wise  investment.  The  remarkable  progress  made,  in 
building  the  park  below  Seventy-ninth  Street  in  about  eighteen 
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months,  is  the  more  worthy  of  note  when  it  is  remembered  that  most 
of  the  artificial  features  of  the  Park  are  located  in  this  southerly  end. 

Between  Eighty -sixth  and  Ninety-sixth  Streets  is  a  large  Reservoir 
occupying  nearly  the  full  width  of  the  Park,  and  under  the  control  of 
the  Depart  ment  of  Water  Supply.  This  reservoir  was  shown  in  the  first 
studies  which  were  made  for  development,  and  while  those  in  charge 
of  the  Park  feel  that  it  does  not  belong  there,  and  is  a  serious  encroach- 
ment upon  the  area  designed  primarily  for  the  use  of  the  public,  the 
narrow  strips  on  each  side  have  been  most  skillfully  treated  to  give  an 
impression  of  distance,  and  it  is  probable  that  those  of  you  who  are 
fairly  familiar  with  the  locality  are  astonished,  upon  looking  at  a 
map  of  the  Park,  to  see  how  large  a  part  of  it  is  occupied  by  this 
reservoir,  and  your  surprise  is  an  unconscious  tribute  to  the  genius 
of  the  landscape  architect  or  park  engineer  who  so  designed  it.  The 
little  tower  at  one  corner  of  the  reservoir  is  an  attractive  decorative 
feature. 

It  is  pertinent  at  this  point  to  remark  that  reservoirs  can  be  made 
a  most  important  adjunct  to  the  park  system  of  almost  any  city,  as 
has  been  done  at  Brookline  in  the  Boston  system  and  many  other  places, 
while  at  Detroit  and  Chicago  even  the  pumping  stations  are  made  the 
centres  of  charming  bits  of  river-side  and  lake-front  parks  which  pre- 
sent a  marked  contrast  to  the  unrelieved  ugliness  of  our  own  Ridgewood 
reservoir  and  pumping  station. 

But,  having  plunged  at  once  into  Central  Park,  the  most  preten- 
tious and  the  best  known  of  all  the  city's  parks,  let  us  begin  again  at 
the  lower  end  of  Manhattan  Island,  and  in  a  more  leisurely  manner, 
travel  northward  and  note  some  of  the  most  characteristic  features  of 
the  people's  playgrounds.  First  let  me  confess  that  this  is  not  to  be  a 
dissertation  upon  park  engineering  so  much  as  a  few  superficial  obser- 
vations by  an  engineer  upon  the  development  and  present  state  of  the 
parks  of  Manhattan  and  the  Bronx. 

The  Battery,  in  the  early  part  of  the  last  century,  WAS  quite 
limited  in  extent,  and  Castle  Garden  was  then  an  island,  the  most 
pretentious  place  of  amusement  in  the  city,  and  one  where  quite 
elaborate  entertainment  was  offered.  It  was  here  that  Jenny  Liud 
sang  her  way  into  the  hearts  of  New  Yorkers.  But  the  present  Bat- 
tery Park  is  of  much  more  recent  date,  and  in  1870  was  in  the  throes 
of  construction.    It  was  then  that  the  sea  wall  was  built  and  a  large 
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part  of  the  park  as  we  know  it  to-day,  was  appropriated  from  the  do- 
main of  Neptune.  It  was  not  long  after  the  completion  of  the  park 
that  the  elevated  railroad  was  permitted  to  place  its  structure  along 
its  inner  edge.  Much  has  been  said  of  this  as  a  piece  of  vandalism, 
and  hysterical  demands  have  been  made  for  its  removal,  but  the  speaker 
must  confess  to  being  unable  to  discover  where  it  could  be  placed  to 
give  less  offense,  and  still  continue  to  do  the  work  for  which  it  was 
designed. 

But,  at  the  time  when  the  Battery  was  given  over  largely  to  warlike 
purposes,  the  people  had  a  playground  a  little  farther  up  Broadway  in 
the  Bowling  Green.  The  old  iron  fence  which  still  surrounds  it  is  a 
relic  of  Colonial  days,  and  the  posts  which  now  have  an  apparently 
crude  and  irregular  top,  were  once  adorned  by  the  effigies  of  the  same 
George  whose  statue  stood  in  the  park,  but  they  were  broken  off  at  the 
same  time  that  George  himself  was  sent  back  to  his  loyal  subjects  in 
the  shape  of  bullets. 

A  little  to  the  east  is  what  will  soon  be  another  interesting 
small  jmrk,  one-half  of  the  block  bounded  by  Broad,  Pearl  and 
"Water  Streets,  and  Coenties  Slip,  having  already  been  laid  out  as 
a  public  park,  one  corner  of  which  will  be  occupied  by  Fraunces' 
Tavern,  the  preservation  of  which  historic  building  will  be  thus 
insured. 

One  walking  up  the  Broadway  in  1822,  would  have  found  near 
what  was  then  the  upper  limit  of  the  city,  a  charming  little  park 
surrounded  by  an  iron  fence  and  filled  with  shrubbery,  in  the  center 
of  which  was  located  what  is  still  pronounced  to  be  the  mo^t  conspicu- 
ously successful  piece  of  architecture  among  all  of  our  public  build- 
ings. It  is  a  source  of  endless  regret  that  any  encroachments  upon 
this  space  were  ever  permitted,  and  it  has  even  been  urged  that  millions 
of  dollars  should  be  expended  in  restoring  City  Hall  Park  to  its  former 
condition,  and  that  even  the  Post  Office  and  Court  House  should  share 
the  fate  of  the  old  Hall  of  Records,  as  the  fire-engine  house  and  the 
City  Court  building  are  soon  to  do. 

A  little  farther  uptown  on  the  East  Side,  we  would,  but  a  few 
years  ago,  have  found  ourselves  in  a  network  of  narrow  streets, 
where  vice  and  crime  never  slept,  for  we  were  in  Mulberry  Bend. 
Then  came  Jacob  Riis,  with  his  long  uphill  fight  against  the  slum  and 
his  plea  for  letting  in  the  light,  which  resulted  in  the  Mulberry  Bend 
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Park  as  it  is  to-day.  Call  this  park  engineering,  or  humanitarian 
engineering,  as  you  will.  It  may  not  be  work  which  calls  for  a  high 
degree  of  technical  skill,  but  the  great  bridges,  the  extensive  parks 
and  grand  boulevards  which  are  being  built  reflect  no  more — no, 
not  so  much — credit  upon  the  city  as  do  these  small  parks.  But  you 
will  note  the  formal  treatment  of  this  park  and  of  another  on  the  west 
side  at  Hudson  and  Leroy  Streets,  where  what  was  formerly  St.  John's 
Cemetery  has  been  converted  into  an  exquisite  little  pleasure 
ground,  the  architectural  features  of  which  were  designed  by  Carrere 
&  Hastings. 

The  more  recent  practice,  however,  in  the  development  of  small 
parks,  in  the  densely  populated  portions  of  Manhattan,  has  been  rad- 
ically different.  Formal  and  decorative  features  have  been  subordi- 
nated to  amusement,  particularly  the  kinds  of  amusement  which  appeal 
to  children,  running  tracks,  an  out-door  gymnasium,  gardens  where 
the  little  people  can  plant  and  care  for  their  own  flowers,  as  in  Seward 
Park,  at  East  Broadway  and  Norfolk  Street. 

Going  back  to  the  west  side,  between  Fifty-second  and  Fifty-fourth 
Streets,  Eleventh  and  Twelfth  Avenues,  we  find  what  is  designed  to  be 
DeWitt  Clinton  Park,  although  it  has  thus  far  reached  only  the  stage 
of  demolition  of  the  old  buildings.  The  plan  for  its  development  is 
typical  of  the  modern  treatment  of  small  parks,  which  are  primarily 
playgrounds,  though  in  this  case  it  will  be  seen  that  a  certain  amount 
of  formal  treatment  is  contemplated  at  the  westerly  end,  which  is 
immediately  adjacent  to  the  North  River. 

On  our  way  uptown  we  must  not  forget  to  note  the  importance  of 
breaking  the  monotony  of  our  important  business  thoroughfares  by 
open  spaces  and  patches  of  verdure,  as  is  done  along  Broadway  at 
Union  Square,  the  northerly  end  of  which  was  designed  as  a  muster 
ground,  a  place  for  large  mass  meetings,  where  it  was  estimated 
that  20  000  people  could  stand  without  interfering  with  the  City's 
traffic,  as  in  Trafalgar  Square  in  London,  but  the  New  York  populace 
do  not  seem  to  fancy  open-air  meetings. 

The  next  open  space  along  Broadway  is  at  Madison  Square,  which 
is  admirably  located  in  the  center  of  the  shopping  district. 

Abandoning  Broadway  for  the  Fifth  Avenue,  we  come  to  Bryant 
Park,  when'  the  familiar  vine-clad  walls  of  the  old  reservoir  have  dis- 
appeared, a  part  of  them  having  been  made  over  into  granite  paving 
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blocks,  while  a  large  portion  of  them  has  been  used  for  the  founda- 
tions of  the  new  public  library,  a  model  of  one  panel  of  which  has 
been  erected  on  the  site.  New  York  has  learned  to  be  jealous  of  any 
encroachments  upon  her  park  spaces,  but  the  substitution  of  this 
beautiful  building  for  the  old  reservoir  seems  to  meet  with  popular 
approval. 

We  will  stop  for  a  moment  to  look  at  the  extension  of  East  River 
Park  at  Eighty-sixth  Street,  where  a  commanding  site  overlooking 
Hell  Gate  has  been  preserved  to  the  public  as  one  of  our  most  attract- 
ive water-side  parks,  and  will  then  note  two  stages  in  the  develop- 
ment of  Jefferson  Park,  between  One  Hundred  and  Eleventh  and 
One  Hundred  and  Fourteenth  Streets,  First  Avenue  and  the  East 
River.  First  there  are  the  foundations  of  what  were  lately  squalid 
tenements,  soon  followed  by  a  playground,  for  we  in  a  neighborhood 
housing  an  immense  population,  largely  Italian.  We  have  passed  on 
our  way  one  of  the  most  beautiful  of  the  many  islands  which  form  a 
part  of  New  York,  and  it  is  a  cause  for  regret  that  Blackwell's  Island 
should  be  given  over  to  penal  institutions.  Riker's  Island,  further  up 
the  East  River,  is  being  enlarged,  so  that  over  220  acres  will  be  added 
to  its  area,  and  it  is  probable  that  in  the  not  distant  future,  these 
institutions  will  be  transferred  thither,  where  there  will  be  ample  room 
for  them,  and  one  of  the  most  attractive  spots  in  all  the  City  will  be 
added  to  its  park  spaces. 

You  have  doubtless  noticed  that  thus  far  we  have  gone  from  one 
park  to  another,  sometimes  for  a  few  blocks,  and  again  for  consider- 
able distances.  Each  of  these  parks  is  independent  of  the  others, 
and  in  no  way  connected  with  or  related  to  them.  This  is  certainly  a 
logical  treatment  for  the  greater  part  of  Manhattan.  The  lower  part 
of  the  Island  is  so  completely  built  up,  and  the  land  is  so  exceedingly 
valuable,  that  a  chain  of  connected  parks  is  out  of  the  question. 
From  now  on,  however,  the  park  plan  is  entirely  different,  and  we 
have  what  is,  strictly  speaking,  a  park  system,  or  a  series  of  open 
spaces  connected  by  boulevards  and  parkways  of  liberal  dimensions, 
so  that  one  can  have  quite  a  whole  day's  drive  without  leaving  the 
jurisdiction  of  the  Park  Department. 

There  are,  it  is  true,  some  small  isolated  parks,  but  they  are  excep- 
tions. Many  of  these  large  reservations  are  what  are  often  called 
undeveloped,  but  their  naturalness  is  their  great  charm,  and  it  is 
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doubtful  if  there  can  anywhere  be  found  a  group  of  parks  having 
such  superb  natural  advantages  as  these.  The  area  which  has  been 
reserved  may  seem  extravagant,  but  the  land  was  purchased  before  it 
became  expensive,  and  the  City  has  undoubtedly  made  an  admirable 
investment. 

In  this  connection,  I  cannot  but  go  beyond  the  bounds  prescribed 
by  my  title,  and  show  you  a  scheme  of  parks  which  has  just  been 
proposed  for  the  Borough  of  Richmond.  This  will  doubtless  be 
called  extravagant,  but  with  some  trimming  it  may  form  the  basis  of 
a  wise  movement  to  secure  a  liberal  system  of  reservations  which  will 
ultimately  prove  of  enormous  value  to  the  City.  There  is  a  growing 
tendency  to  provide  places  for  public  amusement,  especially  for 
health-giving,  out-of-door  sports,  and  where  could  public  golf  links, 
tennis  courts,  baseball,  football,  or  cricket  fields  be  more  delightfully 
located  than  in  this  picturesque  island  borough  of  Richmond? 

The  parks  of  upper  Manhattan  and  of  the  Bronx,  as  already  noted, 
are  connected  by  a  system  of  boulevards,  some  of  which  have  been 
treated  elaborately,  while  others  have  all  the  simplicity  of  a  countiy 
road.  The  Riverside  Drive  and  adjacent  Park  show  specimens  of  this 
formal  treatment,  the  planting  in  the  parkway  being  shrubbery  and 
dwarf  varieties  of  trees,  so  that  the  superb  view  of  the  river  is  net  cut 
off  from  the  houses  on  the  easterly  side,  nor  from  those  passing  along 
the  drive.  This  thoroughfare  is  carried  over  some  of  the  intersecting 
streets  by  viaducts,  as  at  Ninety  sixth  Street,  where  a  steel  arch  bridge 
is  used,  with  connections  between  the  footways  of  the  two  streets. 
Near  this  bridge  has  also  been  placed  a  public  comfort  station.  Cross- 
ing Manhattan  valley  by  a  long  and  high  viaduct,  the  Drive  is  to  1  e 
extended  northward  to  the  Boulevard  Lafayette.  A  contract  is  about 
to  be  made  for  this  extension,  and  both  the  road  and  park  lying  between 
it  and  the  river  will  be  treated  with  great  elaboration,  making  it  by 
far  the  most  pretentious  boulevard  in  the  possession  of  the  City.  The 
Boulevard  Lafayette,  on  the  other  hand,  is  entirely  devoid  of  orna- 
mentation, but  is  one  of  the  most  charming  bits  of  roadway  to  be 
found  in  this  or  any  other  city.  This  road  now  ends  at  Dykmau 
Street,  but  it  will  doubtless  be  carried  over  the  valley  to  Iuwood, 
skirting  this  bold  promontory,  crossing  the  Ship  Canal  to  Spuyteu 
Duyvil,  and  proceed  along  the  Hudson  to  the  City  line  or  even  beyond, 
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to  form  a  part  of  a  grand  State  or  National  Highway,  if  that  dream 
of  the  good  road  enthusiasts  is  ever  realized. 

Coming  back  to  Dvkman  Street,  we  can  cnt  across  to  the  Speed- 
way, built  for  the  use  of  owners  of  fast  horses,  but  which  furnishes 
entertainment  for  thousands  who  can  never  expect  to  own  a  horse, 
but  who  throng  the  sidewalks  every  fine  day. 

Passing  along  the  steep  slopes  of  High  Bridge  Park,  under  Wash- 
ington Bridge  and  High  Bridge,  we  are  impressed  with  the  fact  that 
monumental  structures  of  this  kind  enhance  rather  than  detract  from 
the  beauty  of  our  parks.  Turning  back  for  one  more  look  at  the  Speed- 
way and  the  bordering  park,  from  beneath  the  noble  arch  of  the  Wash- 
ington Bridge,  we  pass  under  the  beautiful  High  Bridge,  and  climb 
the  hill  leading  to  the  One  Hundred  and  Fifty-fifth  Street  viaduct, 
from  which  we  look  back  and  note  the  skillful  way  in  which  dis- 
tance has  been  increased  to  overcome  the  grade  of  St.  Nicholas 
Place,  and  obtain  one  more  glimpse  of  High  Bridge,  while  before  us 
is  another  of  the  historic  buildings  of  the  city,  the  Jumel  Mansion, 
which  it  is  also  proposed  to  take,  as  a  public  park,  in  order  to  pre- 
serve an  additional  memorial  of  Washington  and  his  heroic  but  un- 
successful struggle  to  hold  these  heights  against  the  advances  of  the 
British  army. 

Crossing  the  viaduct  we  come  to  the  site  of  McComb's  Dam  and 
Bridge,  which  must  have  been  a  charming  spot  when  the  old  road  led 
across  it,  connecting  the  country  below  the  Harlem  with  the  country 
above.  A  modern  bridge  has  taken  the  place  of  the  old  structure, 
and  while  it  was  for  a  time  known  as  Central  Bridge,  the  old  name 
has  fortunately  been  restored.  As  we  pass  from  the  parks  of  Man- 
hattan to  those  of  the  Bronx,  we  have  another  illustration  of  what  can 
be  done  even  with  a  bridge  of  this  kind.  Its  surroundings  were  un- 
attractive enough  when  the  bridge  builders  completed  their  work,  but 
the  space  on  both  sides  has  been  made  a  public  park,  and  the  little 
grading  and  planting  which  have  been  done  give  promise  of  a  still 
further  transformation  which  a  few  years  will  show.  Another  viaduct 
along  One  Hundred  and  Sixty-first  Street,  which  is  soon  to  be  built, 
will,  with  McComb's  Dam  Bridge,  connect  the  Borough  of  Manhat- 
tan with  the  beginning  of  the  Grand  Boulevard  and  Concourse,  a  con- 
tract for  the  preliminary  grading  of  which  has  recently  been  let  at  a 
cost  of  more  than  a  million  of  dollars.    This  is  to  be  a  magnificent 
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thoroughfare,  182  ft.  in  width,  following  the  crest  of  the  ridge  to  Mo- 
sholu  Parkway,  which  is  itself  a  park  600  ft.  wide,  connecting  Bronx 
Park  with  Van  Cortlandt  Park.  The  Bronx  and  Pelham  Parkway, 
400  ft.  in  width,  similarly  connects  Bronx  and  Pelham  Bay  Parks,  so 
that  from  the  northwesterly  corner  of  Van  Cortlandt  Paik  at  the  Yon- 
kers  line,  and  but  a  short  distance  from  the  Hudson,  one  will  be  able 
to  ride  through  a  continuous  park,  beside  beautiful  lakes,  through 
magnificent  forest,  crossing  picturesque  streams,  along  the  rocky 
shores  of  Long  Island  Sound,  to  the  northeasterly  corner  of  the  city. 
Even  now  there  is  but  one  break  in  the  continuity  of  park.  The 
Bronx  and  Pelham  Parkway  has  not  yet  been  improved,  but  the  work  is 
under  way,  and  it  will  not  be  long  before  a  fine  road  will  be  ready  for  use, 
though  the  effects  of  the  planting  can  only  be  produced  in  time.  This 
road  will  take  you  over  the  tracks  of  the  Harlem  Biver  branch  of  the 
New  Haven  Railroad,  now  being  bridged,  and  through  a  superb 
growth  of  forest  trees,  across  Eastchester  Creek  by  a  bridge,  which 
is  not  a  creditable  structure  and  which  the  park  engineer  of  the  Bronx 
has  found  it  difficult  to  keep  in  condition  to  accommodate  the  travel. 
Plans  for  a  new  bridge  have  been  prepared,  and  the  money  has  been 
provided  for  its  construction.  You  can  now  lose  yourself  in  the  depths 
of  Pelham  Bay  Park,  the  largest  and  in  many  respects  the  most  ad- 
vantageously located  of  all  the  city's  playgrounds  but  it  is,  unfor- 
tunately, the  most  inaccessible  at  the  present  time. 

The  difficulty  of  getting  to  and  into  this  great  reservation  of  1  750 
acres  suggests  one  of  the  most  serious  questions  confronting  those  in 
whose  custody  the  parks  are  placed — namely,  to  what  extent,  if  at  all, 
shall  transportation  lines  be  allowed  to  enter  or  encroach  upon 
the  park  lands.  The  principal  object  of  a  large  park  such  as  this  is 
to  enable  those  who  cannot  afford  to  leave  the  city  during  the  summer 
months  to  obtain  a  taste  of  the  real  country.  As  said  by  Olmstead 
Brothers,  the  landscape  architects  to  the  Metropolitan  Park  Commis- 
sion of  Boston,  in  their  report  for  1900:  "It  is  not  merely  that  they 
can  sit  on  the  grass  and  see  about  them  only  the  foliage  of  bushes  and 
trees  and  the  blue  sky  overhead — that  could  l>e  provided  for  in  a  good 
■ised  1  >;ick-y  ard  by  ■  skillful  designer — but  also  it  is  that  they  can 
move  about  freely  without  feeling  that  at  any  moment  they  may  step 
out  into  the  streets.  It  is  real,  honest  country,  near  enough  to  the 
heart  of  the  town  to  be  reached  by  people  who  have  not  the  money 
and  tiin«-  for  railroad  journeys  into  the  bigger  country  off  beyond." 


The  Unpretentious  Entrance  to  University  Park. 
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A  steam  railroad  now  passes  through  a  part  of  Pelham  Bay  Park, 
and  there  is  a  little  single  track  horse  railroad  running  from  Bartow 
Station  to  City  Island.  If  it  were  proposed  to  build  a  modern  electric 
railroad  into  this  park  or  even  around  the  edges  of  it,  there  would  be 
a  howl  of  protest,  and  yet  there  seems  no  other  way  to  render  it 
accessible  to  those  who  have  neither  automobile,  horse  nor  bicycle. 
If  such  a  railroad  were  permitted,  it  should  be  kept  as  much  out  of 
sight  as  possible,  and  under  no  circumstances  should  it  be  allowed  to 
cross  at  grade  any  of  the  roads  in  or  leading  to  the  park. 

Having  made  a  hasty  tour  of  the  public  parks  from  the  Battery  to 
the  "Ultima  Thule  "  of  the  Bronx,  let  us  now  look  more  closely  at 
some  of  the  details  of  park  building.  Assuming  that  a  judicious 
selection  has  been  made  of  the  ground  to  be  set  aside  for  the  free  use 
of  the  public,  the  landscape  architect  or  the  park  engineer  must 
undertake  the  work  of  development.  This  requires  the  most  careful 
preliminary  study  before  a  tree  is  cut  or  a  bit  of  earth  is  disturbed. 
Nature  has  done  her  work,  and  we  must  be  careful  not  to  mar  it. 
The  most  attractive  natural  features  should  be  accentuated,  but 
except  in  the  case  of  a  few  formal  drives  and  gardens,  a  fountain  or 
architectural  adjunct,  man's  work  must  be  kept  in  the  background. 

The  first  step  in  development  is  the  laying  out  of  roads.  These 
must  not  be  too  wide,  or  they  will  make  the  bordering  wood  or 
meadow  appear  contracted,  and  an  effect  of  distance  is  to  be  given  to 
all  natural  features.  Where  our  road  is  to  go  through  a  wooded  por- 
tion of  the  park,  do  not  sacrifice  an  unnecessary  tree,  but  avoid  the 
effect  of  dodgiDg  them,  for  our  curves  must  be  easy  and  natural,  and 
not  sufficiently  abrupt  to  obstruct  the  view  of  vehicles  coming  in  the 
opposite  direction.  Many  of  these  things  will  cause  deep  distress  to 
the  engineer  who  has  been  schooled  in  other  fields,  and  special  train- 
ing, coupled  with  peculiar  adaptability,  is  essential  to  success  in 
work  of  this  class.  This  has  been  so  admirably  expressed  by  Mr.  G. 
A.  Parker,  the  Superintendent  of  Keney  Park,  Hartford,  that  I  beg 
leave  to  quote  from  a  paper  read  by  him  before  the  American  Society 
of  Municipal  Improvements  in  Rochester  last  October.     He  said: 

"As  a  rule  all  engineering  work  requires  exactness  of  detail  as  to 
lines  and  surfaces  and  the  laws  of  physical  forces  must  not  be  vio- 
lated, but  in  naturalistic  parks  the  engineer's  idea  <>t  exactness  of 
detail  becomes  an  offense,  for  it  is  not  the  perfection  of  detail  mat  he- 
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matieally  correct  that  gives  pleasure  here.  It  is  the  relation,  the  pro- 
portion and  correspondence  of  things  that  brings  satisfaction. 

"That  a  different  mental  makeup  is  required  in  the  park  engineer 
from  his  brothers  in  the  other  line  of  work,  is  illustrated  by  the  fact 
that  a  man  with  an  engineering  mind  delights  in  the  exactness  of  lines 
and  angles  and  the  mastery  of  forces,  and  so  is  all  at  sea  when  he  comes 
to  park  work.  To  the  engineer,  be  the  prick  point  on  a  plan  never  so 
small,  it  is  larger  than  his  conception  of  a  point,  while  the  dob  of  an 
ink  stopple  more  fully  represents  the  point  to  the  landscape  mind. 
In  the  field,  when  an  engineer  establishes  a  point  he  drives  a  stake, 
puts  in  a  tack  and  makes  cross  lines  on  its  head,  but  to  the  park  man 
a  point  is  a  quarter  of  an  acre  or  more.  To  the  engineer  a  line  has 
length  and  direction,  but  to  a  park  man  it  may  be  a  range  of  moun- 
tains, or  a  river,  or  a  row  of  trees,  and  the  landscape  line  always 
has  width.  The  true  engineer  is  disturbed  by  all  this  undefiniteness. 
My  experience  with  them  is  that  they  have  to  so  violate  what  they 
believe  is  most  sacred  that  they  seldom  become  reconciled  to  park 
work,  or  else  they  put  the  parks  into  the  straight-jacket  of  their  sci- 
ence. Now,  I  am  not  belittling  engineering  skill — parks  cannot  be 
made  without  it, — but  it  is  only  the  skeleton  which  sustains  the  flesh, 
that  is,  the  moulding  of  the  soil  with  its  rounded  surface.  The 
trouble  with  the  engineer  seems  to  be  that  he  wants  to  put  the  skele- 
ton on  the  outside  where  the  turtle  has  his,  but  if  he  does  so  he  pro- 
duces no  higher  grade  of  landscape  work  than  the  mud  turtle  is  among 
animals.  I  honor  and  admire  the  skill  of  the  engineer.  I  know  only 
too  well  its  fundamental  importance  in  the  foundation  study  of  parks, 
but  in  parks  it  must  be  hidden  and  never  appear  on  the  surface." 

Mr.  Parker  also  argues  that  the  skilled  gardener  is  no  more  suc  - 
cessful as  a  park  builder  than  the  man  of  straight  lines,  angles  and 
regular  curves.  He  has  too  deep  an  affection  for  the  individual 
flower,  shrub  or  tree,  while  in  successful  park  work  the  single  plant 
is  considered  only  in  its  relation  to  the  whole  of  which  it  is  but  a 
small  part. 

Straight  lines  and  radial  curves  are  offensive,  not  because  they 
are  straight  and  radial,  but  because  they  do  not  fit  into  the  landscape. 
The  predomination  of  a  physical  force  is  also  suggested  by  such  lines, 
for  in  order  to  produce  a  straight  line,  a  projecting  force  of  sufficient 
intensity  to  overcome  everything  in  its  way  is  suggested,  while  a  ra- 
dial outre  is  controlled  from  its  center — both,  therefore,  representing 
■  iingle  controlling  physical  force,  and  nature  never  produces  by  sin- 
gle  forces  tlie  (-fleets  we  desire,  but  they  are  the  resultant  of  many 
forces  differing  greatly  from  each  other. 


The  Site  of  Echo  Park. 


Echo  Park,  after  Improvement. 
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In  determining  upon  the  line  and  grades  of  roads  and  paths,  there- 
fore, the  greatest  care  is  required  to  avoid  artificial  effects,  and  yet 
some  general  rules  or  laws  must  be  observed.  First,  certain  points 
must  be  selected  where  the  road  or  path  is  to  be,  and  its  direction  at 
these  points,  and  these  must  then  be  connected.  Various  incidents  of 
the  landscape  between  these  points  will  influence  the  details  of  its 
location,  such  as  hills,  valleys,  rocks,  trees,  a  brook,  or  a  distant  view. 
If  such  incidents  do  not  occur,  in  order  to  break  the  straight  line  they 
must  be  introduced  by  planting  or  grading  if  need  be,  but  always  in 
such  manner' as  they  might  have  naturally  existed. 

You  will  see  how  slightly  the  natural  conditions  have  been  inter- 
fered with  in  building  some  of  the  roads  in  Bronx  Park,  and  yet  there 
is  enough  grading  in  evidence  to  suggest  the  setting  of  slope  stakes 
and  the  computation  of  the  amount  of  cut  and  fill. 

The  entrance  to  University  Park,  however,  appears  to  drop  away 
from  Sedgwick  Avenue  in  the  most  natural  manner,  and  one  is  irresist- 
ibly attracted  to  this  little  spot  which  has  been  preserved  along  the 
banks  of  the  Harlem.  The  Bronx,  with  its  varied  topography,  has 
many  exquisite  little  spots  which  have  been  thus  availed  of.  There  is 
the  rocky  knoll  between  Tremont  and  Burnside  Avenues,  which  must 
have  been  the  despair  of  real  estate  speculators,  but  which  by  clearing 
out  the  brush  and  making  a  path  or  two  has  been  converted  into  Echo 
Park.  There  are  other  places  where  there  are  few  if  any  natural 
beauties,  but  where  some  one  has  thought  a  park  should  be  located, 
and  has  had  influence  enough  to  have  it  selected  for  that  purpose. 
Nothing  could  have  been  much  less  attractive  than  the  condition  of 
Cedar  Park,  although  it  occupies  a  commanding  site  overlooking  the 
Harlem  and  near  the  beginning  of  the  Grand  Boulevard  and  Con- 
course, but  its  improvement  has  been  started,  and  the  grading  of  the 
bank,  the  laying  out  of  a  path,  and  a  little  planting  give  a  suggestion 
of  what  it  will  soon  become. 

Many  interesting  historical  sites  have  been  preserved,  some  of  them 
extremely  simple,  as  the  "  Pell  Oak  "  in  Pelham  Bay  Park,  under 
which  Lord  Pell  is  said  to  have  made  a  treaty  with  the  Indians, 
although  I  confess  to  being  unable  to  find  out  who  Lord  Pell  was,  with 
what  Indians  he  treated,  or  what  he  treated  about.  Another  site  is 
that  of  McGowan's  Pass,  where  British  fortifications  were  once  located, 
and  which  is  about  at  One  Hundred  and  Sixth  Street  and  Sixth 
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Avenue  in  Central  Park.  This  is  not  recognizable  now,  but  a  glance 
of  the  old  prints  representing  it  will  help  us  to  realize  the  kind  and 
amount  of  work  which  was  done  to  convert  the  lower  end  of  Central 
Park,  in  the  short  space  of  18  months,  into  what  it  now  is. 

There  is  one  type  of  park  engineering  to  which  I  cannot  forbear  to 
refer,  namely  the  engineering  of  deals  to  secure  the  purchase  of  small 
parcels  of  land  as  public  places  for  the  benefit  of  the  owners  of  the 
property  to  be  so  taken.  A  good  instance  of  this  is  the  so-called  pub- 
lic place  at  East  One  Hundred  and  Thirty-eighth  Street  and  Mott 
Avenue  in  the  Bronx,  where  two  small  triangular  s])aces,  one  on  either 
side  of  the  railroad  viaduct,  were  taken,  the  owners  being  paid  for  the 
same  the  neat  little  sum  of  340,541.95,  while  the  expenses  of  the  Com- 
mission were  $8,815.97,  making  a  total  cost  to  the  City  of  §49,357.92. 
This  is  the  most  remunerative  kind  of  engineering  of  which  I  know. 

But  there  are  many  j)laces,  especially  in  Bronx  Park,  which  simply 
•want  to  be  let  alone,  such  as  those  along  the  Bronx  River,  where  it  is 
hard  to  believe  that  one  is  not  miles  away  from  the  din  and  turmoil  of 
the  City.  It  is  up  this  stream  that  the  British  commander  in  New 
York  during  the  Revolution  is  said  "to  have  been  ordered  to  take  his 
.fleet  to  capture  White  Plains.  This  was  once  the  scene  of  manufactur- 
ing enterprise,  but  it  is  now  given  up  wholly  to  recreation  for  the  tired 
workers  of  the  metropolis. 

There  are  reminders  of  the  hum  of  machinery  in  the  ruins  of  the 
old  mill  and  dam  just  below  the  Bronx  and  Pelham  Parkway,  whic  h 
have  been  retained  as  attractive  features  of  the  park.  Above  this  is  a 
stretch  of  smooth  water,  admirably  adapted  for  rowing  and  canoeing. 

There  is  a  picturesque  bit  at  the  lower  end  of  the  park,  and  outside 
of  its  limits  which  the  contractors  who  are  building  the  Rapid  Transit 
Railroad  have  purchased  for  a  station  and  storage  yard,  bringing  this 
reminder  of  the  Irtisy  life  of  the  City  almost  within  the  park,  but  steps 
have  already  been  taken  to  add  this  to  the  area  of  the  park  with  two 
additional  blocks,  in  order  to  form  a  more  imposing  entrance  to  the 
Zoological  Garden,  and  the  contractor  is  said  to  have  consented  to 
transfer  his  land  to  the  City  for  a  consideration  representing  its  cost 
to  him. 

No\n,  a  few  words  about  structures  which  can  properly  be  placed 
in  our  parks.  The  artificial  must  be  strictly  subordinated  to  the 
natural,  and  great  care  must  be  exercised  in  admitting  what  are 


PARK  ENGINEERING. 


21 


claimed  to  be  works  of  art.  Our  park  authorities  are  constantly  being 
importuned  to  consent  to  the  placing  of  statues  or  fountains  in  com- 
memoration of  some  event  or  of  some  individual  within  the  park 
grounds.  The  bridges  necessary  for  the  park  roads  and  paths  offer 
excellent  opportunities  for  decorative  effects,  and  they  have  been 
skillfully  availed  of  in  both  Central  and  Prospect  Parks,  as  a  few  illus- 
trations will  show.  Fountains  can  be  used  effectively,  but  the  author- 
ities were  doubtless  wise  in  excluding  so  pretentions  and  elaborate  a 
creation  as  the  Heine  fountain  from  the  parks. 

There  was  a  large  fountain  formerly  on  the  plaza  in  front  of  Pros- 
pect Park,  and  it  was  ridiculed  by  many  of  the  Brooklyn  people  until 
it  was  removed,  and  for  it  was  substituted  a  hideous  construction 
which  when  first  built  was  used  for  an  hour  on  two  evenings  of  the 
week  as  an  illuminated  electric  fountain.  It  has  been  out  of  commis- 
sion, however,  for  several  years,  and  is  such  an  offense  to  the  eye,  both 
by  day  and  by  night,  that  the  people  of  Brooklyn,  if  I  mistake  not, 
would  again  welcome  the  old  umbrella,  as  it  was  disdainfully  called. 

Finding  myself  outside  the  limits  imposed  by  my  title  I  will  close, 
with  the  hope  that  the  lack  of  engineering  features  in  what  has  been 
presented  will  be  overlooked'  if  something  has  been  added  to  your 
knowledge  and  appreciation  of  what  has  been  and  is  being  done  by  the 
City  for  the  comfort  and  pleasure  of  her  citizens. 
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Mr.  D.  Ulrioh  — There  is  a  parkway  called  the  Spuyten  Duyvil 
Parkway,  that  commences  at  the  New  York  Central  station  at  Spuyten 
Duyvil  and  has  been  constructed  over  to  Van  Cortlandt  Park,  a  dis- 
tance of  2h  miles.  It  contains  about  80  acres,  is  anywhere  from  200 
to  40  ft.  wide,  and  is  a  direct  connection  almost.  All  we  have  to  do  is 
to  build  a  bridge  across  the  Spuyten  Duyvil  and  make  a  connection 
with  the  Boulevard  Lafayette,  so  that  it  is  a  direct  connection  through 
the  Bronx  Borough  of  the  whole  park  system,  and  by  going  through 
Van  Cortlandt  Park  and  through  the  Bronx  Park  into  the  Bronx 
and  Pelham  Parkways,  and  through  Pelham  Parkway,  there  will  be 
a  distance  then  of  about  11  miles  of  park  drive  direct.  Of  course, 
there  will  be  more  of  a  distance  if  any  detours  are  made  in  the  parks 
themselves.  , 

Mr.  Wm.  F.  Johnes. — With  regard  to  the  statement  made  that  there 
is  no  direct  connection  except  by  going  some  distance  to  the  north  and 
then  coming  back,  I  would  like  to  say  that  Pelham  Avenue,  which  is 
an  extension  of  the  Pelham  Parkway,  is  a  road  about  100  ft  wide, 
and  that  it  crosses  the  Concourse  just  north  of  One  Hundred  and 
Eighty-ninth  Street  and  runs  through  Bronx  Park  just  at  the  edge  of 
the  Zoological  Gardens. 

Mr.  D.  Ulrich. — There  is  also  another  connection  that  should  be 
made  from  the  Bronx  Park  through  the  Crotona  Parkway  into  Cro- 
tona  Park,  and  then  across  Wendover  Park  to  Claremont  Park,  and 
then  from  Claremont  Park  right  into  the  Concourse.  That  is  another 
park  drive  that  was  considered  and  is  almost  laid  out.  I  think  it  is 
building  now. 

Mr.  X.  Hill,  Jr. — I  would  like  to  make  a  suggestion  in  regard  to 
park  improvements.  The  plans  for  the  extension  of  the  Riverside 
Drive  were  submitted  to  me  some  weeks  ago  for  the  purpose  of  lay- 
ing out  the  water  mains  along  the  drive.  The  engineers  in  charge  of 
this  improvement  realized  the  fact  that  all  the  intersecting  streets 
had  to  be  served  with  water,  and  it  would  be  beneficial  that  there 
would  bo  no  dead  ends  on  these  streets  in  which  the  water  could  be- 
come stagnated.  I  found,  in  reviewing  the  plans,  that  in  every  one 
of  those  bridges  the  arches  were  so  close  to  the  surface  that  there 
w.^  no  possible  way  of  laying  water  mains  across  the  bridges.  I  sim- 
ply offer  this  as  a  suggestion  on  the  subject,  because  I  think  that  in 
laying  out  parkways  for  this  purpose  the  practical  thing  might  be  con- 
sidered as  a  fact. 
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Me.  E.  A.  MiiiLEK. — Mr.  Lewis  in  his  paper  practically  covered 
the  question  of  parks.  A  remark  was  made  that  the  engineer  in  gen- 
eral is  too  fond  of  straight  lines  and  angles,  and  consequently  is  not 
a  park  man.  This  is  true.  In  park  work  we  very  seldom  recognize 
straight  lines  and  angles,  especially  in  landscape  work.  I  am  sorry 
to  say  that  I  was  not  present  during  the  early  part  of  the  reading  of 
Mr.  Lewis'  paper,  and  I  do  not  know  how  much  he  entered  into  the 
subject  of  construction  and  general  treatment  of  parks. 

A  moment  ago  Mr.  Hill  stated,  "  That  the  scheme  of  water  supply 
on  the  parkway  known  as  the  Riverside  Drive  Extension  had  been 
submitted  to  him  for  the  purpose  of  laying  a  water  system,  and  that 
he  found  that  the  arches  are  close  to  the  surface,  consequently  a 
water  system  could  not  be  introduced." 

I  beg  to  state  that  the  Park  Department  had  no  jurisdiction  in 
the  matter  of  constructing  this  parkway, — in  fact,  no  authority. 

As  to  the  general  treatment  of  the  park  work,  I  might  state  that 
it  should  be  the  object  of  the  engineer  to  conform  his  work  as  nearly 
as  possible  to  the  general  original  topography  of  the  land  or  the  ter- 
ritory to  be  improved. 

Many  years  ago,  when  the  park  system,  or  rather  more  properly 
speaking.  Central  Park,  was  suggested,  a  meeting  was  held  here  in 
New  York  and  opinions  were  freely  given  on  the  subject,  and  if  re- 
ports can  be  taken  as  facts,  statements  were  made  that  a  park  in  this 
city  would  not  be  patronized  by  the  better  classes  of  people;  that  no- 
body would  care  to  go  there;  that  it  was  a  waste  of  public  money. 
Nevertheless,  Central  Park  was  constructed,  and  a  great  deal  of 
money  was  spent  on  the  same,  and  the  falsity  of  the  statements  of 
prominent  people  in  the  fifties  as  to  its  not  being  patronized  is  fully 
proven. 

What  the  laying  out  of  park  systems  has  done  for  the  City  of  New 
York  as  to  affording  breathing  spots,  as  they  might  be  termed,  is  not 
necessary  for  me  to  mention.  In  addition  they  have  increased  the 
values  of  real  estate.  One  feature  as  to  park  work — (which  at  this 
time  I  am  led  to  believe  cannot  be  introduced  in  Manhattan,  still  it 
might  be  considered  in  the  Bronx  and  Brooklyn  Boroughs,  as  well 
as  in  Queens  and  Richmond)  — is  the  construction  of  connecting  links 
or  parkways  between  the  different  parks.  As  to  Manhattan,  I  might 
state  that  about  two  years  ago  the  question  of  condemning  parcels  of 
land  in  order  to  make  a  continuous  parkway  from  Cathedral  Parkway 
along  Morningside  Park,  thence  easterly  up  St.  Nicholas  Avenue, 
and  so  on  to  the  Harlem  River  Driveway,  received  considerable  at- 
tention; but  the  cost  of  the  lands,  without  taking  into  consideration 
the  construction  of  the  parkway,  was  so  enormous  that  the  matter  was 
practically  dropped. 

The  treatment  of  these  parkways  might  also  be  considered.  For 
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example,  we  call  One  Hundred  and  Tenth  Street  (between  Seventh 
Avenue  and  Riverside  Drive)  Cathedral  Parkway.  The  roadway  is 
Mphalted  and  the  steeper  grades  are  paved  with  granite  block.  Trees 
are  planted  on  each  side,  and  it  requires  considerable  imagination 
for  an  outsider  or  non-resident  to  accept  the  street  as  a  parkway. 

I  might  go  further  into  these  details  as  to  other  streets  known  as 
parkways,  but  I  simply  mention  this  case  to  show  that  money  might 
be  very  profitably  spent  in  improving  these  streets. 

There  is  just  one  more  point  that  might  be  touched  on,  and  that  is, 
that  in  acquiring  title  to  lands  which  are  to  be  condemned  to  park 
purposes,  some  consideration  should  be  taken  as  to  the  general  topog- 
raphy, and  that  lands  fronting  on  the  water  are  desirable.  Parcels 
of  land  upon  which  the  rock  shows  jn-oniinently  can  be  treated  in  an 
artistic  manner,  but  the  cost  is  great  when  compared  with  the  flat 
areas. 

I  thank  you  for  your  kind  attention. 

Mk.  M.  Schenck. — With  us  up  in  the  Bronx  and  our  parkway,  the 
engineer,  as  a  landscape  architect,  has  very  little  to  do.  Nature  has 
already  done  the  work  and  the  only  thing  we  can  do,  or  should  do,  is 
to  abstain  as  much  as  possible  from  any  destruction  of  nature.  We 
are  doiug  quite  a  little  up  there.  Many  of  our  larger  parks  are  of  a 
character  that  require,  as  I  said  before,  the  management  of  the  land- 
scape architect  or  the  engineer.  On  the  other  hand,  we  have  unloaded 
upon  us  a  whole  lot  of  lands  which  I  think  could  have  been  put  to 
other  purposes  and  for  this  reason  we  have  had  to  fill  swamps  and 
dike  lands  and  everything  of  that  description.  Now,  in  regard  to  the 
connection  between  Manhattan  and  The  Bronx,  there  is  one  link,  one 
particular  link,  and  that  is  the  only  one  along  the  west  side.  I  hope 
we  will  live  long  enough  to  see  The  City  of  New  York  acquire  every  bit 
of  the  river  front  from  the  end  of  the  Riverside  Drive  up  to  the  City  of 
Yonkers.  With  a  bridge  now  being  built  a  connecting  link  should  be 
made  with  the  roads  which  will  be  built  in  Manhattan.  We  have  also 
oik  particular  line  of  connection  between  the  parks  thai  [think  has 
not  been  touched  on  to-night  and  that  is  the  entrance  from  the  end  of 
Mosholu  Parkway  across  the  Botanical  Garden,  a  large,  wide  road, 
proposed  portions  of  which  are  being  built  now  which  will  pass 
through  tli.  Botanical  Garden  and  will  reach  the  Pelham  Parkway  at 
or  near  the  principal  entrance  of  the  Zoological  Garden,  and  that  will 
hi  tie  complete  connecting  link  with  all  those  parks  in  the  northerly 
end  of  The  Bronx.  Then  we  are  at  present  building  the  Crotoua 
Parkway,  which  connects  Crotoua  Park  with  Bronx  Park,  and  from 
that  point  there  is  nothing  at  present  to  connect  over  to  the  Grand 
Boulevard,  the  Concourse,  but  we  hope  to  see  something  done  in  that 
direction  and  also  we  hope  to  see  a  connection  on  the  east  side  made 
with  Manhattan  across  some  one  of  the  bridges,  either  the  First 
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Avenue  or  the  Willis  Avenue  Bridge.  I  cannot  think  of  anything 
more  that  would  interest  you  at  present,  and  as  the  ground  has  been 
very  fully  covered  I  think  I  will  stop  here. 

Me.  L.  S.  Teibus. — May  I  ask  for  statistics  as  to  the  park  area  in 
Manhattan  and  The  Bronx? 

Me.  H.  W.  Yogee. — I  think  I  can  tell  the  gentleman  about  the 
area  of  the  parks.  Greater  Xew  York  has,  in  round  numbers,  about 
7  000  acres  of  parks,  probably  something  less,  of  which  Manhattan 
and  Bichmond,  being  under  the  control  of  one  Commissioner,  have 
about  1  500  acres,  Brooklyn  and  Queens  about  1  500  acres,  and  The 
Bronx  4  000  acres,  so  that  The  Bronx  has  1000  acres  more  than  all 
the  other  Boroughs  put  together.  The  acreage  of  The  Bronx  is  about 
26  000,  so  that  about  15%"  of  the  area  of  The  Bronx  is  in  Parks.  Mr. 
Lewis  spoke  of  how  Central  Park  increased  the  value  of  property  in 
its  immediate  neighborhood.  We  have  a  more  recent  evidence  of  the 
increased  values  caused  by  parks.  I  have  stated  how  large  a  percent- 
age of  area  is  occupied  by  parks  in  The  Bronx  and  the  result  was 
seen  the  moment  that  the  Tax  Department  put  the  full  valuation 
on  the  property  in  the  City  of  New  York.  In  The  Bronx  the  increase 
was  60%",  in  Brooklyn  20%  of  the  former  valuations,  so  I  am  glad  to 
see  that  Eichmond  is  going  to  get  a  large  increased  area  of  parks. 
The  increase  in  valuation  will  soon  be  evident.  I  am  glad  to  see  that 
large  parks  are  proposed  for  Queens  and  for  Brooklyn. 
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For  the  first  441  years  after  the  foundation  of  Rome,  the  citizens 
obtained  their  water  supply  from  the  river  Tiber,  flowing  through 
the  city,  or  from  springs.  Within  the  walls  of  Rome  were  twenty- 
three  famous  springs  that  have  been  described  in  history. 

About  312  B.  C.  the  Romans  built  their  first  aqueduct,  which  w  as 
known  as  the  Aqua  Appia  (Appian  Water).  It  was  constructed  by 
the  censor  Appius  Claudius  Crassus,  known  later  as  Ccecus  (the 
blind).  For  the  first  eighteen  months  he  had  as  his  colleague  the 
censor  C.  Plautius,  known  asVenox  (the  searcher  of  springs).  Appius 
induced  his  colleague  to  resign  under  the  impression  that  he  (Appius) 
would  do  likewise.  Appius  kept  his  office,  however,  and  managed 
by  various  contrivances  to  have  it  extended  until  he  had  the  honor  of 
giving  his  name,  not  only  to  Rome's  first  aqueduct,  but,  also,  to  the 
famous  Appian  Road,  Leading  from  Rome  to  Capua. 

The  Aqua  Appia  was  about  10  miles  long  and  was  constructed 
underground  with  the  exception  of  au  arcade  GO  paces  long  at  the 
city's  wall.  Springs  that  may  still  be  seen  at  the  bottom  of  some 
stone-quarries  near  the  Anio  River  were  its  source.  At  a  later  period 
th-  emperor  Augustus  brought  some  other  springs  into  this  aqueduct 
l>\  means  of  11  branch  conduit,  which  joined  the  main  aqueduct 
within  the  limits  of  the  city.  The  junction  of  the  two  conduits  was 
known  as  ••  t  lit1  t  wins." 

rin  *rcond  aqueduct  was  built  J7J  269  15.  ('.  and  was  known  as 
the  Auio  Vetus  (Old  Anio).    It  lapped  the  Auto  River  about  twenty 
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miles  east  of  Rome,  but  owing  to  its  circuitous  location  it  had  a 
length  of  about  40  miles.  With  the  exception  of  a  length  of  a  fifth 
of  a  mile,  it  was  constructed  below  ground.  The  expense  of  its  con- 
struction was  defrayed  out  of  the  spoils  of  the  Pyrrhic  War.  It  was 
built  under  the  direction  of  the  censors  Manius  Curius  Dentatus  and 
Fill  Vina  Flaccus. 

About  125  years  later  (144-140  B.  C.)  a  third  aqueduct — the  famous 
Aqua  Marcia — was  built,  as  the  existing  supply  had  become  inadequate 
on  account  of  the  increase  of  consumption,  and  the  loss  of  water  by 
leakage  and  unlawful  diversion.  The  Senate  commissioned  the  prae- 
tor Q.  Marcius  Eex  to  repair  the  old  conduits  and  to  build  a  new 
aqueduct,  which  was  named  after  him.  Springs  in  the  mountains 
near  Subiaco,  known  for  their  coolness  and  salubrity,  were  chosen 
by  Marcius  as  the  source  of  the  new  conduit,  although  many  citizens 
were  strongly  in  favor  of  drawing  the  water  supply  from  the  Anio. 

The  new  aqueduct  had  a  length  of  about  57  miles,  50  miles  of 
which  was  constructed  below  ground.  It  gave  Rome  its  best  supply. 
Pliny  says:  4i  Of  all  the  waters  in  the  world  that  which  we  call  the 
Marcia,  in  Rome,  carrieth  the  greatest  name  by  the  general  voice  of 
its  citizens,  in  regard  both  to  its  coldness  and  salubrity,  and  we  may 
esteem  this  water  one  of  the  greatest  gifts  the  gods  have  bestowed  on 
our  city. " 

Fifteen  years  later  (125  B.  C.)  the  Aqua  Tepula  (tepid  water)  was 
introduced  into  Rome  by  the  censors  C.  Servilius  Caepio  and  L.  Cas- 
sius  Longinus.  Springs  in  the  volcanic  rocks  southeast  of  the  city 
formed  its  source.  It  was  about  12  miles  long  and  was  constructed 
about  half  above  and  half  below  ground.  It  was  carried  into  the  city 
on  top  of  the  arches  of  the  Marcian  Aqueduct. 

Ninety-two  years  later  (33  B.  C.)  the  Aqua  Julia,  named  in  honor 
of  the  emperor  Julius  Caesar  Augustus,  was  built  by  the  aedile  M. 
Vipsannius  Agrippa  to  derive  a  supply  from  springs  near  the  source 
of  the  Aqua  Tepula.  This  conduit,  which  was  about  14  miles  long, 
was  built  for  part  of  its  length  on  top  of  the  Tepula,  so  that  at  the 
walls  of  the  city  the  Marcian  arches  carried  three  aqueducts,  one  above 
the  other,  viz.,  the  Marcia,  Tepula  and  Julia. 

About  fourteen  years  later  (19  B.  C.)  the  aedile  Agrippa,  mentioned 
above,  brought  to  Rome  the  Aqua  Virgo.  This  aqueduct  owed  its 
name  to  the  fact  that  a  young  girl  (virgo)  pointed  out  the  springs 
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which  formed  its  source  to  some  soldiers  who  were  seeking  for  water. 
This  conduit  was  about  13  miles  long,  being,  with  the  exception  of  a 
mile's  distance,  entirely  under  ground. 

The  aqueducts  thus  far  described  had  their  sources  to  the  east  of 
Rome.  About  10  B.  C.  the  emperor  Csesar  Augustus  had  waters 
from  Lake  Alsietinus,  lying  about  14  miles  northwest  of  the  city, 
introduced  by  a  conduit  20  miles  long,  constructed  almost  entirely 
below  ground,  known  as  the  Aqua  Alsietina.  As  this  water  was  un- 
wholesome and  at  a  low  level,  the  emperor's  main  object  in  introduc- 
ing it  was  probably  to  supply  the  Naumachia  (an  artificial  oval  lake 
1  742  ft.  long  by  1  161  ft.  wide,  prepared  for  exhibitions  of  sham 
naval  battles).  In  emergencies,  however,  it  was  used  for  domestic 
supply  in  the  ward  where  it  entered  the  city. 

Owing  to  the  increase  of  population  and  luxury,  two  more  aque- 
ducts were  constructed,  38-52  A.  D.  They  were  commenced  by  the 
emperor  Caligula  and  were  completed  by  the  emperor  Claudius, 
after  whom  one  of  these  conduits  was  named  the  Aqua  Claudia.  It 
brought  water  from  two  fine  springs,  about  38  miles  from  Rome, 
called  Cseruieus  and  Curt  IBB.  This  conduit  was  about  43  miles  long, 
9  miles  of  its  length,  including  about  6  miles  near  Rome,  being  built 
above  ground. 

The  second  of  these  aqueducts  was  the  Anio  Novus  (New  Anio).  It 
tapped  the  Anio  River  on  the  Sublacensian  Road,  about  12  miles  from 
Rome.  As  the  river  carried  at  this  point  a  great  deal  of  sediment 
after  storms,  a  settling  basin  was  constructed  up  stream  from  the  in- 
take, to  clarify  the  water  before  it  entered  the  conduit,  In  spite  of 
this  precaution  the  water  reached  the  city  much  discolored  during 
heavy  rains.  The  Anio  Novus  was  about  54  miles  long  and  was  con- 
structed below  ground,  with  the  exception  of  9  miles  of  its  length, 
whore  it  was  carried  by  arcades. 

The  nine  aqueducts  described  briefly  above  supplied  Rome  with 
water  about  97  A.  ]).,  when  the  emperor  Nerva  Augustus  appointed 
Sextus  Julius  I'Yontinus  Curator  Aquarum  caretaker  of  aqueducts, 
or,  as  we  would  say  nowadays,  Commissioner  of  Water  Supply. 

I'Voiitinus*  was  a  very  systematic,  conscientious  official,  who  tried 

*  Mr.  <  l. -in.  ns  Mersehel.  M.  Am.  Sue.  C.  K  .  has  gathered  in  his  hook.  "Krontinus 
ami  thfl  Wat.-r  Supply  of  Koine. "  ftll  that  is  known  of  the  life  of  Krontinus.  who  Is 
mentioned  bj  some  of  the  ancient  writers.  He  was  horn  of  a  Patrician  family  about 
\  |)  was  mmlc  prirtoi  i  an  honorable  office  >  in  7<i  A.  l>..  was  three  times  consul,  dis- 
tinguished bimaell  M* SOldler,  ami  was  made  governor  of  Hritain.  Before  writing  his 
<b»Mcript  ion  of  t  he  aqueducts,  he  had  written  treatises  on  "  Surveying  "  and  on  "  The  Art 
of  War       Me  died  in  107  A.  I >. 
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hard  to  introduce  reforms  in  his  department.  He  gauged  the  dis- 
charge of  the  nine  aqueducts,  according  to  the  limited  knowledge  of 
his  time,  endeavored  to  stop  the  abuses  that  existed  in  the  distribu- 
tion of  the  water,  and  wrote  a  treatise  giving  the  history  and  a  de- 
tailed description  of  each  of  the  nine  aqueducts.  His  book,  which 
has  been  translated  into  German,  French,  and  recently,  by  Mr. 
Clemens  Herschel,  M.  Am.  Soc.  C.  E.,  into  English,  is  read  by  engi- 
neers with  as  much  interest  to-day  as  when  first  written. 

The  principal  data  of  the  nine  aqueducts,  based  mainly  upon  Fron- 
tinus'  description,  are  given  in  the  following  table: 

Roman  Aqueducts  Described  by  Feontinus. 


Length  in  Miles. 

Date. 

Below 

Above 

ground. 

ground. 

Total. 

312    B.  C. 

10.23 

.06 

10.29 

272-269  " 

39.33 

.20 

39.53 

114-140  " 

49.87 

6.86 

56.73 

125 

5.51 

6.44 

11.95 

33 

7.75 

6.44 

14.19 

19 

11.83 

1.14 

12.97 

10  (?)  " 

19.96 

.33 

20.29 

38-52  A.  D. 

33.31 

9.35 

42.66 

38-52  " 

45.32 

8  64 

53.96 

223.11 

39.46 

262.57 

27.5 
82.6 
123.0 
125.4 
130.3 
34.2 


155.6 
155.9 


II 


92 


247 


Some  additional  aqueducts  and  branch  conduits  were  built  sub- 
sequent to  Frontinus'  time. 

The  Aqua  Trajana  was  constructed  by  the  emperor  Trajan,  in 
109  A.  D.,  to  bring  water  from  springs  north  of  Lake  "JSabatinus" 
(now  Lago  di  Bracciano)  into  the  city.  At  a  later  period  this  aque- 
duct drew  water  direct  from  Lake  Sabatinus.  It  delivered  its  sup- 
ply on  top  of  the  Janiculum  at  a  much  higher  level  than  the  Aqua 
Alsietina.  Towards  the  end  of  the  fourth  century  this  aqueduct  was 
called  Aqua  Sabatina.  The  conduit  was  constructed  mainly  under- 
ground, but  near  Rome  it  was  carried  by  arcades.  Both  the  conduit 
and  arches  were  faced  with  "  opus  reticulatuni  "  (reticulated  work),  a 
kind  of  facing  for  masonry,  consisting  of  small  square  stones,  about 
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6  ins.  square,  laid  lo2engewise,  /.  e.,  with  the  lines  joining  the  oppo- 
site corners  either  vertical  or  horizontal. 

The  Aqua  Hadriana  was  built  in  120  A.  D.,  by  the  emperor  Ha- 
drian, probably,  originally  only  to  supply  his  great  villa  near  Cento 
(Vile,  about  5  miles  from  Rome.  At  a  later  period,  about  226 
A.  D.,  the  conduit  was  extended  into  Eome.  In  the  third  century  it 
became  almost  tilled  with  deposit.  The  emperor  Alexander  Severus 
restored  and  repaired  the  aqueduct.  Perhaps  it  was  he  who  extended 
it  into  Kome,  On  account  of  the  work  done  by  Alexander  Severus 
the  conduit  has  been  called  by  some  writers  erroneously  the  Aqua 
Alexandrina. 

The  supply  of  the  Hadriana  was  derived  from  springs  near  La 
Colonua  (ancient  Labicum).  The  reservoir  (castellrm)  in  which  the 
water  was  collected  is  still  in  perfect  condition.  A  rough  wall  divides 
it  into  two  chambers.  Instead  of  following  the  location  of  the  older 
aqueducts,  the  conduit  made  a  big  curve  to  the  north,  which  caused 
it  to  cross  a  number  of  lateral  valleys  in  their  lower  parts,  where 
their  cross-sections  were  deep  and  wide.  This  necessitated  very  ex- 
pensive arcades.  Some  writers  have  thought  that  this  departure  from 
the  rational  location  of  the  older  aqueducts  was  caused  by  the  desire 
of  the  architect,  or  perhaps  of  the  emperor  himself,  to  build  great 
arcades. 

The  Aqua  Aurelia  was  built  in  185  A.  D.  by  Marcus  Aurelius  to 
convey  water  from  springs  near  Mariano  to  his  villa  on  the  Via  Appia, 
called  Villa  do  Quiutilii.  It  was  an  important  conduit,  built  of  brick. 
The  exposed  portions  have  all  been  torn  down  for  the  building  mate- 
rial they  contained,  but  the  aqueduct  can  still  be  seen  where  it  is  in 
tunnel,  aud  the  ruins  of  a  number  of  its  reservoirs  exist. 

The  successors  of  Marcus  Aurelius,  Aurelius  Commodus  and  Sep- 
timius  Severus,  exteuded  the  Aqua  Aurelia  to  Rome  (196  A.  D.)  in 
order  to  supply  the  great  thernne  they  built  iu  the  first  regio  (ward) 
of  the  city.    The  conduit  took  then  the  name  of  Aqua  Severiana. 

Besides  the  twelve  main  aqueducts  mentioned  above,  a  number  of 
braneli  conduits  were  constructed. 

About  the  fifth  or  sixth  century  Procopius,  the  secretary  of  Jus- 
tinian I.  who  wrote  a  history  of  the  Gothic  war,  visited  Rome  with 
lielisarius.  He  speaks  about  the  city  beiug  supplied  by  fourteen 
aqueducts.    This  statement  has  puzzled  archaeologists  a  great  deal. 


PLATE  II. 


THE  OLD  ROMAN  AQUEDUCTS. 


31 


Authorities  disagree  as  to  just  how  many  main  aqueducts  were  in  ex- 
istence at  that  time.  In  all  probability  there  were  only  the  twelve 
aqueducts  described  above,  and  the  others  that  were  counted  by  Pro- 
copius  were  probably  branch  conduits. 

Having  given  briefly  the  history  of  the  aqueducts  that  supplied 
ancient  Rome,  we  shall  now  enter  more  into  detail  in  describing  their 
construction. 

Sources  of  Supply.— The  Old  Romans  were  very  particular  about 
selecting  good  sources  for  their  domestic  supply,  giving  the  prefer- 
ence to  springs  over  surface  water.  Six  of  the  nine  aqueducts  described 
by  Frontinus  drew  their  supply  from  springs.  Fortunately  for  Rome 
there  were  many  copious  springs  of  wholesome  water  within  20  to  40 
miles  of  the  city  in  the  volcanic  rocks  to  the  southeast  and  the  lime- 
stone of  the  Apennines  to  the  northwest.  From  the  latter  place  came 
the  best  drinking  water,  although  its  hardness  would  nowadays  make 
it  objectionable  for  industrial  purposes.  In  selecting  a  source  of 
supply  the  Old  Romans  judged  its  quality  by  the  health  of  the  people 
who  had  been  using  it  and  the  hardness  shown  in  cooking  vege- 
tables. 

Hie  location  of  the  nine  aqueducts  of  Frontinus'  time  and  of  some 
conduits  built  later  is  shown  on  Plate  I.  The  alignment  of  the  Appia, 
Tepula,  Julia  and  Alsietina  is  simple  and  direct.  The  Virgo  made  a 
a  long  curve  to  reach  the  northern  part  of  the  city.  The  location  of 
the  long  aqueducts  coming  from  the  Axjennines  (Anio  Vetus,  Marcia, 
Claudia  and  Anio  Novus)  must  have  involved  considerable  skill,  espe- 
cially as  the  Romans  had  no  suitable  material  for  making  large  siphon 
pipes.  Not  many  years  ago  it  was  thought  that  the  many  arcades 
built  by  the  Romans  proved  that  they  did  not  understand  the  prin- 
ciple that  water  will  seek  its  level,  but  this  was  far  from  the  truth. 
Many  lead  siphon  pipes  were  used  in  distributing  the  water  in  Rome, 
and  a  deep  valley  on  the  main  line  of  the  aqueduct  of  Lyons  (France) 
was  crossed  by  twelve  lines  of  such  pipes.  The  reason  why  large 
siphon  pipes  were  not  used  was  on  account  of  the  cost  and  weakness 
of  lead,  the  only  material  used  by  the  Romans  for  making  pipes.  As 
the  Roman  engineers  had  to  omit  siphons  and  to  avoid  high  arcades 
they  laid  out  their  aqueducts  on  much  more  sinuous  courses  than 
modern  engineers  would  adopt. 

The  grades*  adopted  for  the  old  Roman  aqueducts  were  much 
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steeper  than  those  of  modern  conduits.  The  grades  of  the  nine  aque- 
ducts of  Frontinus'  time  have  not  been  accurately  determined.  In 
Roman  aqueducts  in  other  parts  of  Europe  the  grades  are  found  to 
vary  from  1  :  3  000  to  1  :  000. 

In  some  of  their  conduits  the  grades  are  quite  regular,  while  in 
others  they  are  quite  the  contrary. 

One  reason  why  such  steep  gradients  were  adopted  was  to  cover 
errors  in  leveling  with  the  very  primitive  instruments  that  were  used. 
Yitravius,  an  architect  and  engineer,  who  lived  about  the  beginning 
of  the  Christian  era,  has  explained  the  construction  of  the  Roman 
level  instruments.  One  kind  was  a  water-level,  consisting  of  a  tube, 
probably  of  copper,  about  5  ft.  long,  having  its  ends  turned  up  and 
being  filled  with  water.  By  sighting  a  certain  distance  above  the 
water  shown  in  the  two  ends  a  level  line  could  be  produced.  The  most 
reliable  instrument  was  the  "chorobates"  (Fig.  1),  a  straight-edge 
about  20  ft.  long,  having  a  small  water-channel  about  5  ft.  long  in 
the  middle.  By  filling  this  channel  partially  with  water,  the  instru- 
ment could  be  roughly  leveled,  but  the  main  reliance  was  placed  on 
two  plumb-bob  lines,  one  at  each  end,  which  had  to  agree  with  scratch- 
marks  on  the  instruments,  when  the  latter  was  level. 

Ddails  of  Construction. — The  cross-section  of  the  water-channel  was 
not  always  the  same  in  different  parts  of  the  same  aqueduct,  and 
varied  probably  according  to  the  grades.  Plate  II  shows  the  cross- 
sections  of  the  nine  aqueducts,  as  given  by  M.  Belgrade  in  his  book 
"  Les  Aqueducs  Romains,"  Paris,  1875.  It  will  be  noticed  that  no  two 
sections  are  alike. 

The  first  aqueducts  were  built  almost  entirely  in  tunnel.  Whore 
rock  was  encountered,  it  was  either  removed  by  chiseling  and  wedg- 
ing, or  by  the  "fire-setting'"  system,  which  consisted  in  heating  the 
rock  by  means  of  fire  and  of  cooling  it  suddenly  with  water.  Some 
ancient  writers  have  recommended  t  lie  use  of  vinegar,  instead  of  water, 
for  cooling  the  rock.  The  "fire-setting"  system  has  been  used  until 
recent  I  hues  in  some  ( lerniau  mines. 

The  tunnels  were  made  by  means  of  numerous  shafts.  In  Hie  Aqua 
Virgo  they  are  240  ft.  apart,  a  distance  corresponding  to  an  old  Roman 
men  ure,  and  can  be  readily  found,  as  a  strong  growth  of  vegetation 
occur.-  at  their  sites  on  account  of  the  moisture  they  collect.  The 
hilt  i  enable  us  to  trace  the  location  of  the  aqueducts. 
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The  early  aqueducts  were  built  entirely  of  dry -cut  stone  masonry, 
■with  the  exception  of  a  lining,  4  to  6  ins.  thick,  for  the  water  channel, 
which  consisted  of  a  kind  of  concrete  (opus  signinum)  made  of  pot- 
tery pounded  into  small  pieces  and  mixed  with  quicklime  and  sand. 
At  a  later  period  rubble  and  brickwork  were  used.  The  Eoman  bricks 
were  triangular  in  shape  and  about  \\  ins.  thick. 

The  bottom  of  the  water  channel  was  left  rough,  probably  to  reduce 
the  velocity  of  the  current,  to  aerate  the  water,  and  to  keep  back 
sediment. 

Perhaps  it  was  also  with  a  view  of  checking  the  velocity  and 
aerating  the  water  that  the  numerous  angles  were  introduced  which 
we  find  in  the  location  of  the  aqueducts  (see  Plate  XII).  In  some 
of  the  conduits  they  are  about  half  a  mile  apart.  Some  writers  have 
thought,  ho  wever,  that  the  angles  may  have  been  made  on  account  of 
difficulties  in  securing  the  right  of  way. 

At  each  of  the  angles  a  small  reservoir  (castellum)  was  built,  and 
sometimes  a  settling  basin  (piscina).  These  reservoirs  served  for 
distributing  water  along  the  line  of  the  conduit,  where  required,  and 
also,  as  blow  offs.  The  piscina?  or  settling  basins  had  two  upper 
and  two  lower  chambers.  The  wrater  entered  the  first  (upper) 
chamber,  passed  down  (probably  through  a  pipe)  into  the  lower 
chamber  belowr  it;  flowed  through  numerous  small  holes  in  a  partition 
wall  into  the  second  lower  chamber,  and  rose,  then,  through  a  hole  in 
the  roof  of  the  chamber  into  the  second  upper  chamber.  By  com- 
pelling the  water  to  flow  in  this  circuitous  manner,  a  great  deal  of  the 
coarse  sediment  was  deposited  in  the  lower  chambers.  -  Sluices  were 
placed  iu  the  partition-wall  between  the  two  upper  chambers.  When 
they  were  opened,  the  water  could  flow  direct  through  the  upper 
chambers,  without  passing  through  the  lower  ones. 

Ventilators  (lumina)  were  built  at  frequent  intervals  along  the 
aqueducts  and  were  provided  with  steps  for  entering  the  conduit. 
Sometimes  they  served  as  wells  from  which  water  was  drawn  from  the 
aqueducts  by  means  of  buckets. 

Distribution  of  Water. — The  aqueducts  terminated  iu  Home  iu  large 
reservoirs  (castella  publica),  some  of  which  received  the  water  of 
several  conduits.  From  these  reservoirs  the  water  was  conveyed  in 
leaden  pipes  to  smaller  reservoirs  or  cisterns  (castella  privata),  which 
were  built  at  the  expense  of  several  water  takers,  who  clubbed  together 


34 


Till:  OLD  ROMAN  AQUEDUCTS. 


for  this  purpose.  From  these  reservoirs  the  water  was  taken  in  lead 
pipes  to  the  domestic  cisterns  (usually  made  of  lead),  which  were 
placed  in  the  courtyards  of  the  houses.  In  the  time  of  Frontinus 
there  were  247  public  and  private  castella.  Euins  of  many  of  these 
reservoirs  are  still  to  be  seen  in  Rome. 

The  quantify  of  water  flowing  in  and  out  of  each  reservoir  was 
measured  by  the  size  of  pipe  or  pipes  through  which  the  water  passed. 
The  quantity  that  could  be  drawn  to  each  domestic  cistern  was  regu- 
lated by  a  short,  bent  tube  of  bronze  or  brass,  called  a  calyx,  which 
was  inserted  in  the  side-wall  of  the  reservoir  and  formed  the  inlet  to 
the  service  pipe. 

These  tubes  were  made  originally  of  lead,  but  as  the  aquarii 
(water-men)  were  able  to  increase  or  diminish  the  flow  by  extending 
or  compressing  the  lead,  a  harder  metal  (bronze  or  brass)  was  used  for 
the  calyces  to  prevent  fraud.  The  Romans  were  well  aware  of  the  fact 
that  a  short  tube  (adjutage),  whose  length  is  only  two  or  three  times 
its  diameter,  will  discharge  more  water  than  an  oritice  or  a  long  tube 
of  the  same  diameter.  To  prevent  consumers  from  drawing  more 
than  their  share  of  water  by  using  a  short  calyx  joined  to  a  service 
pipe  of  larger  diameter,  the  Senate  passed  finally  a  law  requiring  the 
service  pipe  to  have  the  same  diameter  as  the  calyx  for  at  least  50  ft., 
from  the  castellum. 

The  service  pipes  of  Rome  were  generally  made  of  lead,  although 
Vitruvius  states  that  this  metal  made  the  water  unwholesome.  The 
calyces  were  always  made  circular,  but  the  leaden  pipes  were  always 
given  a  piriform  shape  (Fig.  2).  This  may  have  been  due  to  the  fact 
that  these  pipes  were  made  of  sheet  lead,  which,  when  bent  to  a  piri- 
form shape,  facilitated  the  forming  by  means  of  clay  of  a  small 
channel  on  top,  into  which  molten  lead  was  poured  to  form  the 
longitudinal  joint.  The  individual  pipes  were  uniformly  10  Roman 
ft.  (9.8  English  it.)  long,  and  were  made  of  sheets  of  lead  about  a 
quarter  of  an  inch  thick.  The  joints  between  adjoining  pipes  were 
made  either  by  expanding  the  end  of  one  pipe  and  inserting  the  end 
«>f  the  other  or  by  means  of  a  sleeve  covering  the  joint  and  made  tight 
by  pouring  lead.  The  Romans  had  no  solder;  the  lead  they  used  for 
the  joints  of  pipe  was  simply  a  mixture  of  different  kinds  of  lead. 

The  name  of  the  contractor,  and  frequently,  also,  of  the  house- 
owner,  was  stamped  on  each  pipe. 
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Consumption  of  Water. — Frontinus,  while  in  charge  of  the  water 
supply  of  Rome,  made  careful  measurements  to  determine  the  dis- 
charge of  each  aqueduct.  He  recorded  in  his  description  of  the  nine 
aqueducts  the  wetted  area  of  each  conduit  at  the  time  he  gauged  it, 
but,  unfortunately,  paid  no  attention  to  the  velocity  of  the  water  and 
omitted  to  state  whether  the  summer  in  which  he  ma<Je  his  observa- 
tions was  a  dry,  wet  or  average  season. 

Frontinus  divided  the  wetted  area  of  each  conduit  by  the  area  of 
the  calyx  generally  used  for  domestic  supply,  known  as  a  quinaria, 
as  its  area  was  equal  to  that  of  five  smaller  pipes  used  for  that  pur- 
pose before  the  quinaria  was  introduced.  This  calyx  had  an  area 
of  0.632  sq.  in.  Frontinus  gave  the  capacity  of  each  conduit  by 
stating  that  it  was  equal  to  so  many  quinariae,  just  as  though  we 
should  say  an  aqueduct  is  equal  to  so  many  1-in.  pipes.  Knowing 
the  area  of  a  quinaria  to  be  0.6  >2  sq.  in.,  we  could  easily  convert 
the  delivery  of  each  aqueduct  into  U.  S.  gallons,  if  we  only  knew 
the  average  velocity  of  the  water.  As  Frontinus  does  not  give  us  this 
important  factor,  we  must  either  estimate  it  from  certain  assumptions 
or  by  measuring  the  hydraulic  gradients  in  the  remains  of  some  of  the 
aqueducts,  which  can  be  readily  done  by  the  marks  of  incrustation  or 
by  estimating  the  yield  of  some  of  the  sources  of  the  old  conduits. 

M.  Prony  stated,  in  the  Memoires  de  VAcademie  Roy  ale,  Vol.  II  of 
1817,  that,  if  we  assume  the  head  acting  on  a  quinaria  calyx  to  be 
equal  to  its  length  (a  custom  existing  in  Rome  in  1810)  and  that  the 
calyx  discharges  freely  into  air,  the  discharge  of  the  quiuaria  would 
be  about  16  000  U.  S.  galls,  in  24  hours.  M.  Rondelet,  a  French 
engineer,  adopted  Prony 's  assumptions,  and,  by  multiplying  the 
assumed  discharge  of  a  quinaria  by  the  number  of  these  pipes  given 
by  Frontinus  for  the  nine  aqueducts,  found  the  water  supply  of  Koine, 
97  A.  D.,  to  have  been  about  393  000  000  U.  S.  galls,  for  a  population 
of  about  a  million.  This  astonishing  figure,  which  \\as  based  upon 
assumptions  which  were  probably  far  from  the  truth,  especially  as 
regards  the  delivery  of  the  short  quinaria  calyx  into  freo  air,  instead  of 
into  a  long  pipe,  was  largely  quoted  in  encyclopedias,  etc.,  and 
astonished  the  world  until  M.  Belgrand,  for  many  years  Chief  Kngineer 
of  the  Water  Supply  of  Paris  (France),  pointed  out  in  his  hook, 
"  Les  Aqueducs  Romains,"  the  fallacy  of  Rondelet 's  estimate. 

Belgrand  endeavored  to  calculate  the  probable  discharge  of  the. 
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nine  Roman  aqueducts  in  a  more  scientific  way.  Taking  the  wetted 
areas  measured  by  Frontinus  and  knowing  the  cross-sections  of  the 
conduits  (Plate  II),  he  was  able  to  calculate  the  wetted  perimeters. 
The  only  elements  lacking  now  for  calculating  the  discharges  were  the 
grades.  For  a  few  of  the  aqueducts  near  Rome  these  had  been  deter- 
mined by  M.  Rondelet.  For  the  Marcia,  Claudia  and  Yirgo  he  had 
accurate  figures  of  probable  discharge  made  by  Col.  Bernard  Blumen- 
stihl,  the  Chief  Engineer  of  the  Aqua  Pia,  a  modern  aqueduct  bringing 
again  the  famous  Marciau  water  into  Rome.  For  the  Alsietina  he 
took,  for  lack  of  definite  data,  the  erroneous  estimate  of  Rondelet,  as 
the  resulting  error  would  not  have  a  great  effect  on  the  total  delivery 
of  the  nine  aqueducts. 

Belgrand's  estimate  of  the  water  supply  of  Rome  was  251  720  000 
U.  S.  galls.,  but  he  thought  that  even  this  figure  was  probably  too 
high. 

Mr.  Clemens  Herschel  estimates  that  the  discharge  of  a  quinaria 
may  have  varied,  according  to  circumstances,  from  2  500  to  9  000  U.  S. 
galls,  in  24  hours.  Assuming,  to  be  liberal,  an  average  discharge  of 
f»  000  galls  in  24  hours,  Mr.  Herschel  finds  the  discharge  of  nine  aque- 
ducts to  be  84  103  01)0  galls.,  of  which  quantity,  according  to  Fron- 
tinus' subdivisions,  about  54  000  000  galls,  was  distributed  within  and 
the  remainder  without  the  city. 

Wr  know  from  Frontinus' account  and,  also,  from  what  Pliny  says, 
that,  at  tunes,  one  to  three  of  the  aqueducts  failed  for  long  periods  to 
1'i  ni''  an\  water  into  Home,  either  on  account  of  necessary  repairs 
or  because  the  water  was  unlawfully  diverted.  Making  allowance  for 
this,  the  quantity  of  water  actually  delivered  in  the  city  may  not  have 
I  ii  more  t  han  about  40  000  000  galls,  or  40  galls,  per  capita,  instead  of 
galls,  per  capita,  according  to  lioudelet.  Herseliel's  figure  is  still 
large  when  we  consider  that  most  of  the  water  used  by  the  Romans 
f..i  domestic  supply  had  to  he  carried  into  their  houses  in  jars  on  the 
heads  of  slaves. 

Frontinus  states  in  detail  how  the  water  was  distributed.  He  tells 
us  \\  hi<  h  of  the  fourteen  rc^iones  (  wards)  into  which  Augustus  divided 
Home  were  supplied  by  each  aqueduet  ;  how  many  quinaria'  were  cou- 
sumed  without  and  how  many  within  the  city,  and  how  much  water 
wuhus.  ,1  f.n  public  and  how  much  for  private  service.  The  quantity 
used  fur  public  service  he  subdivides  into  what  was  required  for  the 
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soldiers'  camps,  the  public  works,  the  places  of  amusement  and  the 
fountains  and  ponds.  However  faulty  the  method  of  ganging  may 
have  been,  the  water  register  appears  to  have  kept  very  detailed 
accounts. 

The  aqueducts  of  Rome  were  built  at  different  intervals  of  time, 
according  to  the  demand  for  an  increased  water  supply.  To  make 
this  available  in  different  parts  of  the  city,  each  aqueduct  distributed 
its  water  by  branch  conduits  over  a  considerable  portion  of  the  city. 
This  introduced  a  multiplication  of  branch  conduits  which  would 
have  been,  of  course,  avoided  if  the  aqueducts  had  been  built  at  about 
the  same  time.  From  the  table  on  page  29,  it  will  be  seen  that  with 
but  two  exceptions  each  aqueduct  delivered  its  water  at  a  higher  level 
than  those  previously  built.  Had  the  light  grades  of  modern  aque- 
ducts been  adopted  (viz.,  \  to  1  ft.  per  mile),  the  Roman  aqueduct 
having  the  least  head  might  have  delivered  its  water  at  the  level  of  the 
highest  conduit. 

The  care  of  the  aqueducts  was  given  daring  the  republic  to  iEdiles 
and  Censors.  Augustus  confided  this  work  to  a  curator  aquarum  (com- 
missioner of  water  supply).  Marcus  Agrippa  was  the  first  person 
appointed  to  this  office.  Frontinus  held  it  under  Domitian,  Nerva 
and  Trajan.  In  the  third  century  the  charge  of  the  aqueducts  was 
given  to  Consulares  Aquarum,  a  title  that  was  changed  in  the  fifth 
century  to  Comes  Formarum  Urbis. 

The  official  in  charge  of  the  water  supply  of  Rome  held  a  very 
responsible  position.  Frontinus  had  under  him  700  aquarii  (water- 
men), who  were  employed  in  guarding,  repairing  or  cleaning  the  aque- 
ducts and  reservoirs.  Two  hundred  and  forty  of  these  aquarii  were 
appointed  by  the  City  Government  and  the  others  by  the  Emperor. 

Repairs  and  Restorations  of  the  Aqueducts. — The  Romans  were  very 
careless  about  maintaining  their  aqueducts.  Necessary  repairs  were 
often  postponed  until  a  conduit  failed  to  deliver  any  water.  In  the 
time  of  Pliny  the  Julia,  Marcia  and  Virgo  were  in  this  condition. 
The  Claudia  and  Anio  Novus,  completed  in  52  A.  P.,  did  not  deliver 
any  water  into  Koine  from  G2  to  71  A.  D. 

Frontinus  mentions,  as  the  causes  of  the  extensive  repairs  which 
the  aqueducts  required  from  time  to  time,  the  age  «>!  seme  of  the 
conduits,  poor  work  in  the  original  eonsti  net  ion.  the  effects  of  the 
weather,  the  damages  caused  by  roots  of  trees  near  the  a,|u<tlnets 


38 


THE  OLD  SOMAN  AQUEDUCTS. 


growing  into  the  conduits,  and  the  unauthorized  tapping  of  the  aque- 
ducts by  the  land  owners  through  whose  properties  they  had  been 
Imilt.  Pliny  writes  about  the  Marcian  water  being  fraudulently 
diverted  in  his  time  (60-70  A.  D.)  as  follows:  "  We  of  Rome  have  lost 
the  pleasure  and  commodity  of  those  rills  through  the  ambition  and 
avarice  of  some  great  men,  who  have  turned  away  the  waters  from  the 
city  where  they  yielded  a  public  benefit  to  the  commonwealth  and  have 
diverted  them,  for  their  own  profit  and  delight,  into  their  own  manors 
and  houses,  to  irrigate  their  gardens  and  for  other  uses."  According 
to  law  the  aquarii  were  allowed  to  sell  all  water  that  leaked  from  the 
conduits.  It  was  in  their  interest,  therefore,  to  encourage  rather 
than  to  check  a  leak. 

Another  cause  of  the  neglect  of  the  aqueducts  was  the  law  which 
required  the  Curator  Aquarum  to  give  only  a  quarter  of  his  time  to 
his  official  duties.  These  officers  utilized  their  leisure  often  by  taking 
private  contracts  on  which  they  employed  the  aquarii. 

Some  of  the  arcades  near  Rome  were  much  injured  by  an  earth- 
quake that  occurred  in  63  A.  D.  They  were  reinforced  by  building 
brick  arches  under  the  original  stone  arches. 

Very  extensive  repairs  were  undertaken  from  time  to  time.  They 
had  to  be  authorized  by  the  Senate  and  the  limits  within  which  they 
were  made  were  marked  by  small  columns.  A  number  of  these  col- 
umns have  been  found  in  the  ruins  of  Rome.  From  their  inscriptions 
it  appears  that  some  of  the  repairs  were  made  on  stretches  of  6  000 
to  15  000  ft.  Among  the  emperors  mentioned  in  these  inscriptions  as 
repairing  or  restoring  aqueducts  we  find  Augustus,  Tiberius,  Vespar 
sian,  Titus,  Domitian,  Severus,  etc.  In  making  the  repairs  the  lo- 
cation of  an  oqneduct  was  sometimes  improved  by  constructing  a 
new  structure  or  driving  a  tunnel  to  obtain  a  shorter  line. 

Tntun>lin<i  in  Aiu  'ind  Tillies. — We  have  already  mentioned  on  page 

how  the  ancients  constructed  their  tunnels.  In  this  connection 
it  may  be  of  interest  to  give  a  correspondence  which  took  place  about 
1-VJ  A.  D.,  which  proves  that  the  ancient  engineers  had  their  trials  as 
well  as  their  modern  professional  successors.  The  correspondence  is 
tfiven  1>\  Lunriiini  in  his  ••Ancient  Home,"  and  we  quote  it  as  given 
bj  Mi.  I IL mens  Herschel  in  his  book  on  "Froutiuus,"  etc.  The 
correspondence  commences  thus: 
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"  Varius  Clemens,  governor  of  Mauritania,*  to  Valerius  Etruscus, 
governor  of  Numidia:* 

Varius  Clemens  greets  Valerius  Etruscus,  and  begs  him  in  his  own 
name,  and  in  the  name  of  the  township  of  Saldae  (Algeria),  to  dispatch 
at  once  the  hydraulic  engineer  of  the  third  legion,  Nonius  Datus,  with 
orders  that  he  finish  the  work,  which  he  seems  to  have  forgotten." 

Report  of  Nonius  Datus  to  the  magistrates  of  Saldae: 

"After  leaving  my  quarters  I  met  with  brigands  who  robbed  me  of 
even  my  clothes,  and  wounded  me  severely.  I  succeeded,  after  the 
encounter,  in  reaching  Saldae,  where  I  was  met  by  the  governor,  who, 
after  allowing  me  some  rest,  took  me  to  the  tunnel.  There  I  found 
everybody  sad  and  despondent;  they  had  given  up  all  hopes  that  the 
two  opposite  sections  of  the  tunnel  would  meet,  because  each  section 
had  already  been  excavated  beyond  the  middle  of  the  mountain,  and 
the  junction  had  not  yet  been  effected.  As  always  happens  in  these 
cases,  the  fault  was  attributed  to  the  engineer,  as  though  he  had  not 
taken  all  precautions  to  insure  the  success  of  the  work. 

What  could  I  have  done  better? 

I  began  by  surveying  and  by  taking  the  levels  of  the  mountain;  I 
marked  most  carefully  the  axis  of  the  tunnel  across  the  ridge;  I  drew 
plans  and  sections  of  the  whole  work,  which  plans  I  handed  over  to 
Petronius  Celer,  the  governor  of  Mauritania;  and  to  take  extra  precau- 
tion, I  summoned  the  contractor  and  his  workmen,  and  began  the  ex- 
cavation in  their  presence,  with  the  help  of  two  gangs  of  experienced 
veterans;  namely,  a  detachment  of  marine  infantry  and  a  detachment 
of  Alpine  troops.  What  more  could  I  have  done?  Well,  during  the 
four  years  I  was  absent  at  Lambsese,  expecting  every  day  to  hear  the 
good  tidings  of  the  arrival  of  the  water  at  Saldae,  the  contractor  and 
his  assistant  had  committed  blunder  upon  blunder;  in  each  section  of 
the  tunnel  they  had  diverged  from  the  straight  line,  each  tow  ai  ds  his 
right,  and  had  I  waited  a  little  longer  before  coming,  Saldae  would 
have  possessed  two  tunnels  instead  of  one." 

Nonius  Datus,  having  resurveyed  the  work,  joined  the  two  parallel 
tunnels  by  a  transverse  tunnel.  The  waters  of  the  river  could  B  nail  J 
now  through  the  mountain,  and  its  arrival  at  Saldae  was  celebrated 
with  great  rejoicings  in  the  presence  of  the  governor,  Varius  Clemens, 
and  the  engineer. 

*  Neighboring  colonies  in  Africa,  in  the  Carthaginian  country. 
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Details  of  Construction. — Having  given  a  general  description  of  the 
water-works  of  Ancient  Rome,  we  will  now  examine  the  details  of  the 
construction  of  the  works  a  little  more  closely,  illustrating  them  by 
reproductions  of  photographs,  most  of  which  were  taken  specially  for 
the  writer  of  this  paper,  by  Mr.  Howard  Crosby  Butler,  A.  M.,  lecturer 
on  Architecture  and  Archaeology,  at  Princeton  College. 

The  Aqua  Appia  was  almost  entirely  below  ground.  Part  of  it  wasr 
doubtless,  constructed  in  "open  trench,"  but  in  some  places  tunnel- 
ing must  have  been  resorted  to.  Where  this  conduit  entered  the  city, 
it  was  about  50  ft.  below  the  surface.  In  the  details  of  its  construction 
this  aqueduct  is  very  much  like  the  sewers  and  drains  that  had  been 
built  in  Rome  at  an  earlier  period.  The  cross-section  of  the  conduit 
was  about  2.5  by  5  feet.  The  sides  were  formed  of  large  blocks  of  cut 
stone  and  the  cover  was  generally  an  arch,  but  sometimes  a  slab  or 
two  slabs  leaning  against  each  other  like  the  roof  of  a  house. 

The  Anio  Vetus,  although  55  feet  higher  than  the  Appia,  was  also, 
a  low-level  aqueduct  constructed  almost  entirely  below  ground.  It 
drew  water  from  the  river  Anio  about  half  a  mile  up  stream  of  the 
monastery  S.  Cosimato,  entered  Rome  at  about  the  level  of  the  ground 
near  the  present  Porta  Maggiore,  and  delivered  its  water  into  the  city 
through  two  branch  conduits.  Its  cross-section  was  3  to  3.7  ft.  wide 
by  6  to  8  feet  high.  This  aqueduct  was,  also  constructed  of  massive 
stone  blocks,  plastered  on  the  waterside.  Owing  to  its  being  generally 
wholly  or  partly  underground,  but  few  remains  of  this  aqueduct  have 
been  found. 

Tin'  Af/i/a  Mtrriti,  the  great  aqueduct  of  the  Republic,  differed  from 
the  first  two  conduits  by  being  carried  by  arches  for  a  length  of  about 
seven  miles.  Most  of  these  arcades  have  been  destroyed,  but  fortu* 
nately  enough  are  standing  to  illustrate  how  this  aqueduct  was  built. 

Plate  3  shows  the  Marcia  near  Rome,  and  Plate  4  shows  it  where  it 
crosses  the  city  wall,  known  as  that  of  Aurelius.  The  conduit  is  built 
in  a  very  simple  manner  of  dimension  stones,  which  were  cut  with 
such  accuracy  that  a  knife  blade  can  scarcely  be  put  in  the  .joints. 
Most  of  the  stones  are  tufa  fa  calcareous  rock),  but  in  the  foundations 
»»f  the  pil  ls  and  in  the  top  and  bottom  courses  of  the  water-channel 
a  harder  stone,  pepcrino  (a  volcanic  tufa)  wftB  used. 

The  dimensions  of  the  arches  and  conduit  near  Rome  vary  but  little. 
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According  to  Mr.  Howard  Crosby  Butler,  M.  A.,  they  are  about  as 
follows : 

Feet. 

Distance  between  piers  16.66-17.64 

Depth  of  pier,  parallel  with  center-line  of 

aqueduct,  according  to  height   5 . 74-10 . 50 

Width  of  pier,  at  right  angles  to  center  line 

of  aqueduct . . . :   8 . 55 

Cross-seCtion  of  conduit   3x5.7 


The  water-channel  on  top  of  the  arches  is  built  in  the  simplest 
manner,  very  much  like  a  culvert.  The  top  and  bottom  are  formed  of 
slabs  of  stone  0.82  ft.  thick,  projecting  on  either  side  0.65  ft.  The 
side  walls  are  1.54  ft.  thick,  and  each  consists  of  three  equal  courses 
of  dimension  stone  (usually  stretchers). 

The  voussoirs  of  the  arches  are  cut  very  accurately.  They  consist 
alternately  of  one  and  two  pieces  of  stone,  the  former  extending  through 
the  entire  soffit  of  the  arch  and  measuring  1.77  x  1.87  x  5.64  ft. 

The  blocks  of  stone  used  in  the  piers  and  spandrels  are  practi- 
cally uniform  (about  2  x  2  x  4  ft.)  and  are  laid  in  regular  courses 
with  headers  and  stretchers  alternating.  No  mortar  is  used  in  the 
masonry  with  the  exception  of  a  plastering  of  opus  signinum  (see 
page  33)  for  lining  the  water-channel  and  of  dowel-pins  0.4  ft.  in 
diameter  of  fine  cement  that  were  placed  in  the  vertical  joints  of  the 
stones  forming  the  side-walls  of  the  water-channel.  Semi-circular 
grooves  were  cut  in  the  ends  of  the  side-stones  for  these  dowel-pins. 

In  the  Tepula  and  Julia,  built  respectively  in  125  and  33  B.  0.,  we 
notice  a  great  improvement  in  masonry.  Instead  of  the  primitive 
and  expensive  construction  of  cut  stones,  laid  dry,  concrete  masonry 
faced  on  the  outside  with  reticulated  work  (opus  reticulatum)  and 
lined  on  the  inside  with  opus  signinum  was  used. 

As  has  already  been  stated,  the  Tepula  was  built  near  Rome  on 
top  of  the  Marcia,  and  the  Julia  on  top  of  the  Tepula.  The  OTOBS- 
sections  of  the  Tepula  and  Julia  were,  respectively,  2.7x3.3  ft.  ami 
2.3  x  4.6  ft.  The  concrete  walls  are  1.54  ft.  thick,  and  the  concrete 
separating  these  two  aqueducts  is  about  1.31  ft.  thick. 

The  Julia  has  been  almost  entirely  destroyed,  but  remains  of  the 
Tepula  are  still  to  be  seen  on  top  of  the  Marcia  (Plate  III). 
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The  arches  of  the  Marcia,  Tepula  and  Julia  w  ere  incorporated  into 
the  city  wall,  built  by  Aurelius  (272  A.  D.) 

Plate  IV  shows  these  three  aqueducts,  where  they  cross  the  Porta 
San  Lorenzo.  Here  all  three  conduits  are  built  of  dimension  stone  of 
travertine  (a  calcareous  stone). 

The  Virgo  and  AUietina  were  constructed  almost  entirely  under- 
ground, and  their  construction  cannot,  therefore,  be  illustrated  by 
means  of  photographs.  The  cross-section  of  the  former  was  about 
1.6x6.6  feet. 

The  Virgo  BuppHed  the  baths  of  Agrippa  and  of  Alexander  Severus. 
Many  large  lead  pipes,  encased  with  brick,  which  distributed  the  water 
of  this  conduit,  have  been  dug  up  in  recent  times. 

The  Aqua  Claudia  and  the  Anio  Notus,  the  most  imposing  of  all 
Roman  aqueducts  were  commenced  in  the  reign  of  Caligula  in  38  A.  D.. 
and  required  fourteen  years  for  their  construction.  Frontinus  says 
that  they  were  completed  in  a  most  magnificent  manner,  and  were 
dedicated  on  the  1st  of  August,  52  A.  D.,  the  birthday  of  the  emperor 
Claudius,  after  whom  one  of  these  conduits  was  named. 

Pliny  states  that  these  two  aqueducts  cost  55£  million  sestertii 
(nearly  S3  000  000),  a  sum  that  may  not  seem  large  to  a  modern 
engineer,  but  which  was  considered  high  at  the  time,  when  the  value 
of  money  was  greater  than  at  present,  and  when  cheap  slave  labor 
w  as  employed  hu  public  works. 

The  location  of  the  Claudia  followed  generally  that  of  the  Marcia, 
but  the  length  of  conduit,  as  compared  with  the  Marcia,  was  shortened 
by  building  higher  arcades  and  by  tunneling  mountains.  While  the 
Mar  cia  was  nearly  57  miles  long,  the  Claudia,  whose  source  was  near 
that  of  the  Marcia,  had  a  length  of  only  about  43  miles. 

About  thirty-six  years  after  the  Claudia  was  completed  its  length 
was  shortened  by  excavating  a  tunnel,  about  3  ft.  wide,  7  ft.  high 
jnid  :>  miles  long  under  the  mountain  called  formerly  Mouut 
AfHiano.*  It  was  constructed,  before  Frontinus  wrote  his  description 
<>t  the  aqueducts,  by  a  contractor  named  I,.  Paquedius  Festus,  who 
appears  to  have  realized  that  he  had  undertaken  rather  a  difficult 
'•"Mtract.  In  older  to  propitiate  the  gods  Festus  promised,  accord- 
in^  to  ail  inscription  still  preserved,  to  restore  a  temple  on  top  of 
tin-  mountain  he  was  tunneling  if  he  succeeded  in  his  work.  He 
•  S.t  I  iiiK-iuni.  ••  Ann. 'lit  Hum.'  "  eh.,  p.  f>2. 
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pierced  the  mountain  successfully,  July  3d.  SS  A.  D..  and  the  remains 
of  beautiful  columns  and  statuary  on  the  summit  of  the  mountain 
have  led  archaeologists  to  infer  that  Festus  kept  his  vow. 

The  ruins  of  the  Claudia  are  much  more  extensive  than  those  of 
the  other  aqueducts.  Groups  of  from  four  to  eighteen  arches  stand 
intact  all  the  way,  from  the  Porta  Maggiore  of  Rome  to  Roma  Yeeehia. 
where  aD  arcade  of  154  arches  begins  that  continues  almost  to  the 
point  where  the  acqueduet  goes  below  ground.  The  details  of  the 
construction  can.  therefore,  be  studied  to  advantage.* 

The  Claudia  was  built  very  much  like  the  Marcia.  but  on  a  larger 
scale.  The  stone  used  was  principally  peperino,  with  red  and  yellow 
tufa  in  smaller  proportions.  The  quality  of  the  stone  does  not  appear, 
however,  to  have  been  as  good  as  that  used  in  the  Marcia.  and  in  some 
places  it  is  crumbling  to  decay.  No  travertine  or  other  harder 
material  was  used  for  bonding  the  courses.  The  stones  were  not  cut 
as  accurately  as  in  the  Republican  Aqueduct  (the  Alareia\  perhaps  on 
account  of  the  greater  friability  of  the  stone,  but  much  larger  blocks 
were  used.  Some  stones  extend  entirely  through  the  piers,  and  are 
about  10  ft  long.  No  mortar  was  used  in  the  construction,  except 
for  the  plastering  of  the  water-channel.  The  courses  of  the  stones  are 
of  unequal  height,  averaging  about  2.2  ft.  Each  arch  is  composed  of 
seventeen  vonssoirs.  A  few  of  these  are  single  stones,  but  there  are 
usually  two  or  three  pieces  to  each  voussoir  in  the  soffit. 

The  piers  begin  with  a  base  of  hard  peperino.  which  projects  about 
0.49  ft.  from  the  faces  of  the  pier.  Above  this  the  piers  are  carried  up 
with  a  mean  width  of  10.53  ft.,  and  a  depth,  measured  parallel  with 
the  axis  of  the  conduit,  of  10.9S-12.01  ft.  The  piers  are.  therefore, 
almost  square  in  plan.  They  do  not  vary,  according  to  the  height  of 
the  arcade.  Below  the  springing  Hue  of  the  arches  each  piw  has  an 
overhanging  course,  which  forms  a  heavy  impost  moulding  1.15  ft. 
deep,  which  is  the  only  embellishment  used,  and  serves  to  break  the 
transition  from  the  pier  to  the  arch  construction. 

The  arches  have  spans  of  about  18.37  ft.  They  are  only  8.27  ft. 
wide,  and  the  distance  between  the  intrados  of  two  adjoining  arches 
is  only  8.53  ft.,  so  that  the  impost  is  much  smaller  in  section  than  the 
pier. 

♦The  dimensions,  etc..  given  in  the  description  are  taken  from  a  paper  on  "The 
Roman  AoueJucts  as  Monuments  of  Architecture.-"  bv  Mr.  Howard  Crosbv  Butler. 
M.  A.,  published  in  the  Journal  of  the  Archaeological  Institute  of  America.  Yo'\.  V.  1901. 
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The  course  which  forms  the  bottom  of  the  water-channel  (specus) 
consists  of  rubble  laid  in  cement,  placed  direct  on  the  voussoirs  and 
projecting  on  either  side  0.72  ft.  It  is  not  moulded.  The  top 
course  of  the  water-channel  has  three  stones  for  the  width  of  the 
water-channel,  instead  of  single  slabs,  as  in  the  Marcia. 

Each  side  wall  consists  of  three  courses  and  is  2.13  ft.  thick  and 
6.49  ft.  high.  The  cross-section  of  the  water-channel  is  4  ft.  wide 
by  6.06  ft.  high,  which  is  42%  larger  than  that  of  the  Marcia. 

Plates  V  and  VI  illustrate  the  construction  of  the  Claudia.  At  the 
highest  point  the  top  of  the  arcade  is  about  90  ft.  above  the  surface 
of  the  ground. 

Plate  VII  shows  the  celebrated  Porta  Maggiore  (Greater  Gate), 
at  a  point  in  Rome  where  the  Claudia  and  Anio  Novufl  Aqueducts 
crossed  two  roads.  In  accordance  with  the  customs  of  the  Romans 
a  fine  structure  was  built  at  this  crossing,  upon  which  inscriptions 
were  cut  giving  the  history  of  the  work.  On  the  Porta  Maggiore  we 
read: 

"Tiberius  Claudius,  the  son  of  Drusus  Caesar  Augustus  Ger- 
manicus,  Supreme  Pontiff,  in  the  twelfth  year  of  his  tribunate  and 
fifth  consulship,  proclaimed  imperator  (on  the  field  of  battle)  twenty- 
seven  times,  the  father  of  his  country,  caused  to  be  brought  into  the 
city  at  his  own  own  expense  the  Claudian  water  from  the  springs 
called  Cperulius  and  Curtius,  from  45  miles  away,  also  Anio  Xovus, 
from  62  miles  away." 

Right  below  this  inscription  we  read  that  nineteen  years  later 
(including  nine  years  of  disuse)  Vespasian  restored  these  aqueducts 
to  usefulness.  A  third  inscription  informs  us  that  Vespasian's  son 
Titus  did  the  same  thing  ten  years  later  (81  A.  D. ). 

Nero's  Arches. — The  waters  of  the  Claudia  and  Anio  Novus  were 
mixed  in  a  small  reservoir  near  the  city  wall,  and  were  then  dis- 
tributed by  pipes.  Nero,  who  succeeded  Claudius  (54-6!)  A.  IX), 
carried  these  aqueducts  into  the  city  on  an  arcade  that  still  bears  his 
name.  It  was  built  entirely  of  brick  of  the  best  quality  along  the 
( Vidian  Hill  as  far  as  the  arch  of  Dolabella,  where  the  water  was 
received  iii  ii  large  reservoir.  Nero's  successors  built  three  branch 
conduits  for  distributing  the  water.  Froutinus  has  given  us  a  good 
d esc r i  |>t  ion  of  t  liis  work,  of  which  lie  had  charge  for  many  years  under 
Nerva  ami  Trajan.     Plate  \T  I  [  shows  some  of  Nero's  arches. 
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Grossing  of  Aqueducts. — The  roads  to  Rome  from  the  east  were  for 
the  last  mile  between  the  fine  arcades  of  the  Marcia,  Tepulaand  Julia, 
about  30  ft.  high  on  the  right,  and  those  of  the  Claudia  and  Anio 
Novus,  about  50  ft.  high,  on  the  left.  The  arcades  were  about  100  yds. 
apart.  About  three  miles  from  the  city  on  the  road  to  Frascati,  these 
two  arcades  crossed  each  other  near  the  Porta  Furba.  The  tower 
built  at  their  intersection  is  known  as  the  torre  fiscale.  Its  ruins  are 
shown  on  Plate  IX. 

The  aqueduct  at  the  right  of  the  plate  is  the  mediaeval  Acqua  Felice, 
which  was  about  parallel  with  the  Marcia.  The  arcade  seen  in  the 
distance  is  the  Claudia,  with  the  Anio  Novus  on  top,  which  at  the 
intersection  was  at  the  higher  level. 

The  Anio  Novus  drew  its  supply  direct  from  the  Anio  River  at  a 
point  on  the  left  bank,  about  42  miles  from  Rome.  We  have  already 
explained  that  a  settling  basin  had  to  be  constructed  to  clarify  the 
water  during  floods.  This  basin  had  four  cross- walls  over  which  the 
water  was  made  to  pass.  As  it  still  remained  muddy  at  times,  a  very 
pure  rivulet,  called  Rivus  Herculaneus,  which  rises  about  34  miles 
from  Rome,  was  introduced  into  the  Anio  Novus  to  purify  the  water. 
As  the  effect  of  this  pure  stream  was  not  sufficient,  the  inlet  of  the 
Anio  Novus  was  carried  by  Nerva  or  Trajan  further  up  stream  by  an 
extension  of  the  conduit  on  the  right  bank  of  the  river  to  a  larger 
settling  reservoir,  formed  by  building  a  dam  across  the  river. 

From  its  original  inlet  on  the  left  bank  of  the  Aio,  the  aqueduct 
(  commenced  with  a  rock  tunnel,  16  ins.  wide  and  6  ft.  high.  The 
miners  must  have  worked  sideways  to  cut  this  narrow  drift.  The 
section  of  the  conduit  is,  however,  afterwards  increased  to  3  3  ft.  wide 
by  9  ft.  high.  The  aqueduct  was  constructed  principally  under- 
ground, but  valleys  were  crossed  by  arcades  which,  iu  some  cases, 
had  a  height  of  109  ft.  • 

For  the  last  G  or  7  miles  the  Anio  Novus  was  built  on  top  of  the 
Claudia,  while  the  latter  was,  however,  constructed  for  the  last  6 
miles  entirely  of  cut  stone,  the  former  was  built  entirely  of  con- 
crete and  brick.  The  conduit  is  lined  with  brick  (which  were 
triangular,  equal  to  half  a  square  with  sides  S  ins.  long,  and  1A  ins. 
thick)  and  covered  with  large  Hat  tiles,  which  were  placed  so  as  to 
form  a  pointed  roof. 
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In  the  time  of  Trajan,  a  large  reservoir  was  constructed  for  this 
aqueduct  in  the  city,  near  the  mausoleum  of  Santa  Helena.  About  a 
mile  further  another  reservoir  was  built. 

The  supply  brought  by  the  Anio  Novus,  although  muddy  at  times, 
was  the  most  abundant  of  all,  and  reached  Rome  at  the  highest  level. 
Frontinus  tells  us  that,  on  account  of  its  abundance,  water  from  the 
Anio  Novus  was  often  turned  into  the  other  aqueducts  (sometimes 
without  necessity)  and  generally  spoiled  the  quality  of  the  supply. 

Where  one  aqueduct  was  carried  by  another  or  crossed  another, 
an  arrangement  was  always  made  for  letting  the  water  from  the 
higher  flow  into  the  lower  conduit  by  removing  stone  plugs  placed  in 
the  bottom  of  the  higher  conduit. 

The  Eadriana  is  shown  in  Plate  X  at  one  of  its  angle  points.  It 
differs  from  the  earlier  aqueducts  in  being  constructed  entirely  of 
brick  and  concrete.  Some  fine  ruins  of  this  conduit  are  in  existence, 
but  the  greater  part  of  it  has  been  torn  down  to  use  the  brick  and 
stone,  of  which  it  was  composed,  as  building  material. 

This  aqueduct  had  ventilators,  1.94  x  1.94  feet  in  section,  and 
overflow  openings  at  regular  intervals.  As  some  of  the  springs  sup- 
plying this  conduit  were  very  hard,  solid  deposits  of  lime  (stalactites) 
were  made  against  the  piers  where  the  overflow  openings  were  placed. 
Where  the  masonry  has  all  been  removed  these  stalactites  are  still  to 
be  seen  at  regular  intervals.  A  geologist  who  did  not  know  about  the 
old  aqueduct  woifid  be  much  puzzled  to  account  for  these  pyramid- 
like deposits. 

'11  n'.  Ponte  San  Antonio,  shown  on  Plate  XI,  belongs  to  one  of  the 
later  aqueducts  and  is  supposed  to  have  been  built  by  Trajan. 

Hi"  Aqueduct  of  Quintilii,  shown  in  Plate  XII,  supplied  a  private 
villa  near  Home.  It  was  built  of  brick  and  concrete.  The  many 
angles  made  in  the  line  of  the  aqueduct  are  illustrated  in  Plate  XII. 

Water  Supply  (if  Modem  Rome. — By  the  middle  of  the  sixth  cen- 
tury, all  of  the  aqueducts  had  been  cut  off  from  Rome,  either  by  the 
bin  barians  or  by  neglect.  From  this  time  until  776  A.  D.  Rome  had 
no  water  supply  except  from  springs  within  the  city  and  from  the 
river  Tiber.  In  770  A.  D.  the  enlightened  Pope  Adrian  I  commenced 
to  restore  the  Trajaua,  Mareia,  Claudia  and  Virgo.  For  a  short  time 
these  aqueducts  supplied  Home  again  with  water,  but  they  were  soon 
again  neglected.    \\x  the  end  of  the  fourteenth  century,  Home,  which 
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then  had  about  17  000  inhabitants,  had  to  depend  solely  on  the  water 
found  within  its  limits.  In  the  fifteenth  century  the  popes  restored 
some  of  the  old  aqueducts  to  use.  Nicholas  V  put  the  Yirgo  again 
into  service  in  1447,  but  thirty  years  later  it  stopped  again  delivering 
!  water.  Succeeding  popes  restored  this  aqueduct  several  times,  and 
it  has  continued  to  deliver  water  since  the  time  of  Pius  IV  (1559  A.  D.). 
Its  modern  name  is  Acqua  Yergine,  but  since  it  supplies  water  to  the 
fountain  of  Trevi  it  is,  also,  known  as  the  Acqua  di  Trevi.  Its  dis- 
charge is  given  by  Col.  Blumenstihl  as  1  602  000  U.  S.  galls,  in  24 
hours. 

The  Acqua  Falice  was  built  in  1585  to  1587  by  the  Pope  Sixtus  V  (Fe- 
lice Peretti)  after  whom  it  was  named.  The  springs  that  supplied  the 
Hadriana,  except  some  which  were  very  hard,  and  others  in  the  vicin- 
ity, were  collected  in  a  large  reservoir  about  two  miles  from  Gabii, 
which  was  commenced  in  1572,  but  was  not  completed  until  1644.  It  is 
still  in  use,  but  several  smaller  auxiliary  reservoirs  have,  also,  been 
constructed. 

The  original  plan  was  to  convey  the  water  to  Eome  in  the  old  Mer- 
cian conduit.  After  a  considerable  amount  of  money  had  been  spent 
by  the  first  engineer  of  the  works,  Matteo  da  Castello,  it  was  found 
that  owing  to  some  mistake  made  in  leveling  the  water  could  not 
reach  the  channel  of  the  Marcia.  The  engineer  was  discharged.  His 
successor,  Giovanni  Fontana,  built  a  new  aqueduct  for  part  of  the 
distance  to  Rome.  It  was  located  in  a  much  better  manner  than  the 
old  Hadriana,  as  it  crossed  the  lateral  valleys  near  the  dividing  ridges. 
The  new  aqueduct  connected  with  the  channel  of  the  Anio  Vetus, 
which  conveyed  the  water  to  a  point  about  seven  miles  from  Rome, 
from  where  a  new  conduit  was  built,  following  the  line  of  the  old 
Marcia.  In  many  places  the  new  conduit  was  built  on  the  piers  of 
the  old  aqueduct,  from  which  much  of  the  necessary  building  stone 
was  obtained.  The  work  was  constructed  in  two  years  in  a  very  hasty 
and  clumsy  manner,  2  000  to  3  000  laborers  being  employed.  Within 
the  city  the  water  was  distributed  by  leaden  pipes,  which  wore  laid  in 
some  places  in  some  of  the  old  aqueducts. 

The  Acqua  Felice  begins  near  La  Colonna  (ancient  Lubieum)  and 
terminates  on  the  Esquiline,  its  length  being  fifteen  miles,  of  which 
seven  are  carried  by  arcades.    It  is-  still  in  use. 

The  Acqua  Paola.— -The  Trajaua,  theteuth  aqueduct  built  far  Rome, 
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was  ab)ut  tli3  la^t  of  the  old  conduits  to  supply  the  city  with  water. 
Its  flow  was  interrupted  at  intervals  during  the  middle  ages,  but  was 
repeatedly  restored.  It  was  still  delivering  water  in  1561.  Pope 
Paul  V  restored  jthe  Trajana  completely,  in  1618,  building  much  new 
work  and  drawing  a  larger  supply  direct  from  Lake  Sabatinus.  The 
water  was  distributed  in  the  city  by  different  branch  conduits  and 
supplied  many  fouutains.  The  aqueduct  is  still  in  use  and  is  called, 
on  account  of  the  last  restoration,  "  Acqua  Paola.'" 

The  Acjut,  Pin  was  constructed  in  1860  to  1870  by  a  private  water 
couipanyjto  introduce  into  Koine  again  the  excellent  springs  which 
had  formed  the  source  of  the  old  Aqua  Marcia.  The  conduit  was 
named  after  Pope  Pius  IX,  who  had  taken  a  lively  interest  in  this  work. 
Col.  Bernard  Blumenstihl  was  appointed  Chief  Engineer  of  the  Com- 
pany. 

It  was  not  known,  at  that  time,  which  of  six  copious  springs  near 
Agosta  wras  the  source  of  the  Marcia.  Knowing  how  careful  the  old 
Romans  were  to  select  the  most  wholesome,  available  water,  Col. 
Blumenstihl  followed  their  method  of  studying  the  effect  of  the  water 
upon  those  drinking  it.  The  opinion  of  all  ]3eople  living  in  the  vicinity 
pointed  to  the  spring  known  as  "  Seconda  Acqua  Serena  "  (the  second 
clear  water)  as  the  best.  Col.  Blumenstihl  had  a  trench  dug  across  the 
line  on  which  an  aqueduct  would  naturally  be  built  from  this  source  and 
found  what  he  felt  convinced  was  the  inlet  of  the  old  Marcia  in  perfect 
condition,  only  a  short  distance  below  the  surface  of  the  ground. 
This  spring  was,  therefore,  selected  as  the  source  of  the  new  supply. 

The  Acqua  Pia  has  a  length  of  about  32. 6  miles.  The  difference  in 
level  from  its  source  to  its  terminus  in  Rome  is  778  ft.  The  average 
fall  is  4.51  in  1  000,  which  is  much  more  than  what  is  required. 

For  the  first  16.15  miles  from  the  source,  the  water  is  conveyed  in 
a  masonry  conduit  whose  cross-section  varies  at  different  points,  its 
l<  ust  dimensions  being  6.23  ft.  height  below  the  key  of  the  arch  and 
2.62  ft.  width.  For  about  half  this  distance  the  conduit  is  under- 
ground, and  for  the  remaining  part  it  is  carried  by  rive  bridges  and 
arcades.  From  Tivoli  to  Rome,  a  distance  of  16.47  miles,  the  aque- 
duct is  formed  of  an  inverted  siphon  of  cast-iron  pipes.  The  plans 
called  for  two  lines  of  pipe,  but  only  one  was  laid  at  first.  The  pipes 
are  in   lengths  of  ft.   and  have  a  diameter  of  1.97  ft.  The 

metal  is  0.72  in.  thick.    The  m  iximum  head  to  which  the  pipes  are 
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subjected  is  100  meters.  The  capacity  of  the  aqueduct  with  two  lines 
of  pipe  is  about  15  848  000  gals,  in  24  hours.  The  spring  which 
forms  the  source  of  this  conduit  is  capable  of  furnishing  21  000  000 
gals,  per  24  hours. 

The  old  system  of  distribution  was  retained.  The  water  is  received 
in  Rome  in  small  reservoirs,  from  which  it  is  delivered  to  the  con- 
sumers by  pipes  of  lead  or  earthenware. 

How  much  the  length  of  an  aqueduct  may  be  shortened  by  crossing 
deep  valleys  by  siphon  pipes,  is  seen  by  comparing  the  length  of  the 
Acqua  Pia  with  that  of  the  Aqua  Marcia,  which  are,  respectively,  32.6 
and  56. 73  miles. 

The  four  aqueducts  just  described  are  all  that  supply  Modern 
Eome.  Their  lengths,  capacity,  etc.,  are  given  by  Mr.  Eodolfo  Lan- 
ciani  in  his     Ruins  and  Excavations  of  Ancient  Rome."  as  follows: 


Watee  Supply  of  Modeen  Ro3ee. 


Name. 

Date. 

1570 
1587 
1611 
1870 

Author. 

Length,  in 
meters. 

Volume  in  24 
hours. in  cubic 
meters. 

Acqua  Yergine  

Felice  

Paola  

Pius  V  

Sixtus  V  

20.546 
32.593 
51.852 
53.649 

155.271 
21.633 
80.870 

121.306 

Marcia-Pia... 

Societa  dell" Acqua  Marcia-Pia. 

The  total  supply,  according  to  the  above  table,  is  379  0S0  cu.  in., 
or  100  130  000  gals,  per  24  hours. 

VarioUs  Soman  Aqueducts. — Thus  far  we  have  only  described  the 
aqueducts  built  for  the  city  of  Rome,  but  ruins  of  old  Roman  conduits 
are  to  be  found  in  many  other  places  in  Italy,  France,  Spain  and  Asia 
Minor.  Wherever  the  Romans  founded  a  new  city,  one  of  their  first 
enterprises  was  to  obtain  an  abundant  supply  of  wholesome  water. 
Archaeologists  count  about  two  hundred  ruins  of  such  aqueducts. 
This  paper  would  not  be  complete  without  a  short  description  of  the 
most  important  of  these  conduits. 

The  Aqueduct  of  Miaturnce  (Plate  XIII),  about  half-way  between 
Rome  and  Naples,  supplied  the  ancient  city  of  Minturna?.  It  is  still  to 
be  seen  in  an  almost  unbroken  line  for  about  two  miles.  This  conduit 
is  a  massive  structure  of  concrete  faced  with  reticulated  work,  alternat- 
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ing  black  and  white,  the  individual    blocks  being   about  0.26  ft. 

square. 

The  Aqueducts  of  Lyons. — The  ancient  Roman  city  of  Lugdunurn 
(now  Lyons,  France),  was  renowned  for  the  splendor  of  its  palaces, 
amphitheaters,  naumachias,  baths,  etc.  To  supply  these  with  water, 
four  grand  aqueducts  were  built  during  the  reigns  of  Augustus, 
Tiberius  and  Claudius.  The  most  famous  of  these  was  the  Claudian 
aqueduct,  which  supplied  the  palace  of  the  Emperor  Claudius,  situated 
in  the  highest  part  of  the  city.  It  began  at  Mount  Pila  (now  Mount 
de  Pile)  and  terminated  in  a  reservoir  in  Lyons,  its  length  being  about 
33  miles,  in  which  there  was  a  total  fall  of  about  360  ft.  On  the  line 
of  this  conduit  there  were  nine  high  arcades.  One  valley  200  ft.  deep  was 
crossed  by  an  arcade  2  400  feet  long,  having  five  tiers  of  arches. 
Another  valley  300  feet  deep  was  crossed  by  an  arcade  of  eight  tiers 
of  arches.  Three  deep  valleys  were  crossed  by  siphons  of  oval  pipes, 
made  of  sheet  lead  1  in.  thick,  the  joints  being  formed  with  a 
mastic  composition.  The  pipes  were  embedded  in  the  sides  of  the 
valley  or  carried  by  arcade- bridges  and  were  generally  surrounded  by 
masonry  to  give  them  sufficient  strength.  The  connection  between 
the  pipes  and  the  masonry  conduit  was  made  by  terminating  the  latter 
at  each  side  of  the  valley  by  a  small  masonry  water- chamber. 

The  Gai'on  valley  was  crossed  by  nine  such  oval  siphon  pipes 
about  10  x  12  ins.  Across  the  Baunan  valley  twelve  such  siphon 
pipes  were  laid. 

The  Aqueduct  of  Nismes  was  one  of  the  earliest  and  most  important 
aqueducts  built  by  the  Romans  in  France.  Its  construction  is  sup- 
posed to  have  been  due  to  Agrippa,  the  nephew  of  the  Em2>eror 
Augustus,  who  resided  in  Nemausis  (now  Nismes)  while  he  governed 
the  Roman  colony  in  that  vicinity.  This  same  Agrippa,  at  a  later 
date,  repaired  the  Appia,  Marcia  and  Alcietina  aqueducts  and  con- 
structed the  Aqua  Julia  for  Rome,  as  stated  on  page 

The  aqueduct  of  Nismes  was  nearly  30  miles  long  aud  had  a  general 
grade  of  about  3  ft.  per  mile.  Its  water  channel  was  generally  4 
ft.  wide  by  5  ft.  4  ins.  high,  except  in  tunnels,  where  the  height 
was  increased  to  7^  feet.  Lt  brought  hard  spring  water  to  Nismes. 
from  tin  deposits  on  the  sides  of  the  water-channel  it  is  seen  that  the 
ordinary  depth  <>t  water  in  the  conduit  was  about  3  ft.  ins. 

The  most  remarkable  part  of  this  aqueduct  is  the  crossing  of  the 
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deep  valley  of  the  river  Garde  or  Gardon,  about  midway  between  the 
source  and  terminus  of  the  conduit.  This  was  effected  by  an  arcade 
about  160  feet  high  (Plate  XIV),  known  now  as  the  Pont  du  Garde.  It 
is  still  in  an  excellent  state  of  preservation  and  is  considered  one  of 
the  boldest  pieces  of  construction  of  this  kind  erected  by  the 
Romans. 

The  arcade  is  composed  of  three  tiers  of  semi-circular  arches.  The 
lowest  tier  contains  six  arches.  The  one  across  the  Garde  has  a  span 
of  80  ft.  5  ins.  On  one  side  of  this  arch  are  three  of  63  ft.  span;  on  the 
other  there  are  two  arches  of  51  ft.  span. 

The  second  tier  contains  eleven  arches,  all  of  51  ft.  span.  In  the 
third  tier  are  thirty-five  arches  of  15  ft.  9  ins.  span.  The  piers  of  the 
first  and  second  tiers  are  about  15  ft.  wide,  measured  parallel  with 
the  center-line  of  the  arcade.  In  the  top  tier  their  widths  vary  some- 
what, depending  on  the  spans  of  the  lower  arches.  The  width  of  the 
arcade  at  the  first,  second  and  third  tier  is  respectively  21,  16  and 
10  ft. 

The  length  of  the  bridge  is  562  ft.  at  the  moulding  terminating  the 
first  tier  and  883  ft.  at  the  moulding  of  the  second  tier.  At  both  ends 
of  the  third  tier  some  of  the  arches  have  been  destroyed.  The  height 
of  the  arcade  is  about  160  ft. 

The  Pont  du  Garde  is  built  entirely  of  large  cut  stones  laid  without 
mortar  with  the  exception  of  the  conduit  on  top,  which  is  formed  of 
rubble  masonry  and  is  covered  with  large  slabs  of  cut  stone.  The 
inside  of  the  conduit  is  covered  with  a  plastering,  2  ins.  thick,  com- 
posed of  quicklime,  sand  and  crushed  brick  (almost  pulverized).  In 
addition  to  this  coating,  a  second  thin  coat  of  a  fine  mastic  of  a  dark- 
red  color  was  applied. 

The  top  tier  of  arches  was  destroyed  at  both  ends  in  400  A.  D.  by 
the  barbarians  who  were  besieging  Nisnies,  and  who  wished  to  cut  off 
its  water-supply.  In  the  beginning  of  the  eighteenth  century  the 
Duke  of  Kohau  cut  through  the  piers  of  the  second  tier  to  make  a 
passage  for  his  artillery.  The  grand  arcade  was  gradually  lulling  to 
jiieces,  but  the  French  government,  foitunately,  restored  it  to  the 
state  in  which  it  was  prior  to  the  damage  done  by  tin  I  hike  of  Kohau. 

The  Aqueduct  of  Srfjoria,  constructed  probably  in  the  time  of  Trajan, 
is  still' supplying  the  city  of  Segovia,  in  southern  Spain,  with  water. 
The  arcade  shown  in  Plate  XV,  which  is  in  the  city,  is  2  KM  I  t't .  long 


52 


THE  OLD  ROMAN  AQUEDUCTS. 


and  has  a  maximum  height  of  102  ft.  It  coutaiDS  159  semi-circular 
arches.  Those  of  the  lower  tier  have  spans  of  17  ft.,  while  in  the 
upper  tier  the  spans  vary  from  14  to  15  ft.  The  structure  consists 
of  large  blocks  of  granite  laid  dry,  mortar  being  only  used  in  the 
lining  of  the  water  channel. 

Tin-  A<i>i,  <hi<-i  <>f  Vnkits  was  built  in  308  A.  D.  to  supply  Byzantium 
(Constautiuople)  with  water.  Plate  XY1  shows  part  of  an  arcade  of 
this  conduit  iu  the  city.  Its  greatest  height  is  74.5  ft.  Other  conduits 
were  constructed  at  later  periods  (such  as  the  aqueduct  of  Justinian 
II.  built  570  A.  D.,  etc.). 

In  connection  with  the  water-works  of  ancient  Constantinople  a 
system  of  underground  reservoirs  or  cisterns  was  constructed,  which, 
at  one  time,  was  said  to  have  stored  enough  water  to  supply  1  000  000 
people  for  four  months,  in  case  of  a  siege.  Many  of  these  cisterns 
Bie  —  t  ill  to  be  seen  and  are  in  good  order. 

The  most  famous  of  these  subterranean  reservoirs,  known  as  the 
"Cistern  of  10M1  Columns'"  from  the  many  columns  it  contains,  is 
show  D  on  Plate  XVII. 

A  uthorities, — In  conclusion  we  will  give  a  list  of  the  principal  books 
that  have  been  written  on  the  Roman  aqueducts. 

Kaphael  Fabretti,  De  aquis  et  aquseductibus  veteris  Romse,  2d 

Ed.    Pome,  1788. 
Alberto  Cassio,  Corso  delle  acque  antiche.    Rome,  1757-59. 
Carlo  Fea,  Storia  delle  acque  di  Roma. 
M.  Helgrand,  Les  Aquedues  Romains.    Paris,  1875. 
John  Henry  Parker,  The  Aqueducts  of  Ancient  Rome.  Oxford, 
England.  L876. 

leulolfo  Lanciani,  1  comentarii  di  Frontino  intomo  le  acque  e  gli 

acquedotti.    Rome,  lNNO. 
Messandro  Bet  t  odd.  Le  acque  e  gli  acquedotti  di  Roma  antica  e 

mud. -nut    Monogratia  della  citta  di  Roma.  Vol.  II,  Ch.  XIX, 

1881). 

Clemens  Herschel,  Frontiuus  and  the  Water  Supply  of  the  City 

«»f  Koine.     Boston,  ls<>!». 
<   "  '  M<  rckel.  Die  Ingonieur  Technic  im  Alterthum.  Rerlin,  1809. 


D  ISC  U  SSION. 


Mr.  Wait. — It  requires  courage  to  get  up  and  say  much  after  the 
introduction  given  us.  Engineer  Brown,  of  the  Sewer  Department  of 
Manhattan,  was  in  the  office  the  other  day  and  interested  me  in  abook 
printed  in  1842  here  in  New  York  by  an  ex-Commissioner  of  Patents, 
Thomas  Ewbank,  which  I  found  a  very  interesting  book.  The  re- 
marks made  call  to  my  mind  what  has  been  said  about  siphons. 
Eecent  discoveries  in  Egypt  show  that  siphons  were  in  use  in  Egypt 
in  1450  B.  C.  and  that  they  were,  not  only  of  pottery,  but  also  of  metal. 
It  is  said  that  Archimedes  used  lead  pipes  in  his  men-of-war,  and  in 
the  ship  Hiero,  which  he  built,  which  was  lined  or  the  bottom  was 
covered  Avith  sheet  lead.  It  is  also  stated  that  the  houses  in  Athens 
had  lead  pipes  which  conducted  the  water  throughout  the  buildings. 

In  connection  with  the  lines  or  breaks  in  the  lines  of  the  aqueduct, 
it  has  occurred  to  me,  from  the  diagrams  shown,  that  they  changed 
their  line  of  direction  and  followed  the  stream,  and  I  wondered  if  the 
foundations  might  not  have  had  something  to  do  with  the  changing 
of  the  line  of  the  aqueducts.  All  these  systems  of  water  wTorks  in 
the  early  times  were  gravity  systems,  and  it  was  not  until  about  1600 
that  pumping  machinery  for  the  purpose  came  into  use,  and  not  until 
about  1700  that  systems  of  pumping  were  in  use  on  a  large  scale. 
The  early  systems  of  water-works  described  by  the  speaker  this  even- 
ing have  been  confiued  entirely  to  those  of  Rome,  or  at  least  practi- 
cally so,  but  Cortez,  in  his  conquest  in  Mexico,  about  1519,  found 
there  excellent  systems  of  water-works,  extending  for  many  miles  to 
the  mountains,  all  underground,  and  made  of  earthen  pipes  and  so 
buried  as  not  to  enable  the  Spaniards  to  follow  them  or  to  determine 
from  whence  they  came;  and  this  same  system  of  water- works  carried 
the  water  into  and  throughout  the  houses  the  same  as  our  own  systems. 

It  has  occurred  to  me  that  these  breaks  and  repairs  which  have 
been  pointed  out  were  caused  by  earthquakes,  which  were  so  prevalent 
at  about  this  time,  from  about  50  to  250  A.  D.  I  think  some  of  the 
things  the  gentlemen  has  spoken  of  to-night  might  be  explained  in 
that  way.  Speaking  of  these  rulers  and  also  of  the  contractors  who 
took  pride  |in  building  water-works  systems  reminds  one  of  the 
ancient  who  redeemed  himself  from  his  sins  by  digging  a  well,  and 
therefore  it  is  supposed  that  the  Romans  did  like  things  to  perpet- 
uate their  memory.  I  would  recommend  the  reading  of  this  book 
mentioned  by  Ewbank,  from  which  I  derived  a  great  deal  of  pleasure. 
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Mk.  BbUBEL — I  do  not  know  as  I  can  say  very  much  about  Roman 
■  [ii.  lucte.  Xor  is  there  very  much  to  say  about  our  system  of  aque- 
ducts here  in  connection  with  the  Roman  aqueducts.  I  might  give 
a  little  description  of  a  section  of  one  of  our  distribution  pipes  that 
we  cut  the  other  day.  It  showed  that  we  need  to  replace  some  of  our 
mains  in  the  near  future. 

It  \\ m  B  section  of  a  pipe  laid  about  1858  and  was  uncoated  when 
laid,  and  was  found  to  be  very  badly  tuberculated.  The  30-in.  pipe 
\\a->  about  1  in.  in  thickness,  and  under  the  tuberculations  the  iron  was 
softened  to  a  depth  varying  from  about  £  to  \  in.  The  iron  could 
be  quite  readily  cut,  and  I  was  rather  interested  in  what  Mr.  Jackson, 
our  chemist,  was  saying  to-night  about  the  formation  of  the  tubercu- 
Latioo  and  also  the  iron  underneath.  I  don't  know  if  Mr.  Jackson  is 
prepared  to  state  anything  about  it,  but  perhaps  he  will  tell  us  some- 
thing in  regard  to  it.  I  am  not  very  familiar  with  the  formation  of 
the  tuberculation  on  pipe,  but  I  do  not  think  the  Romans  were 
troubled  very  much  with  incrustation  in  their  pipes.  I  presume,  when 
uncovered,  they  were  quite  clean,  were  they  not? 

The  Author. — They  were  clean. 

Mm.  Jackson. — The  tuberculation  of  iron  water-pipes  in  Brooklyn 
is  a  subject  somewhat  removed  from  a  discussion  of  the  Roman  aque- 
ducts, but  since  it  is  called  for  I  will  describe  the  results  of  some 
examinations  made  recently  at  Mt.  Prospect  Laboratory. 

In  old  water-pipes,  and  sometimes  in  pipes  which  are  not  very  old, 
there  is  often  a  heavy  deposit  of  oxide  of  iron  or  iron  rust.  Instead 
of  being  of  equal  thickness  around  the  inner  circumference  of  the  pipe, 
as  would  be  expected,  we  usually  find  that  the  pipe  fills  up  in  places 
in  a  very  uneven  manner,  and  that  finger-line  projections  are  very 
numerous. 

So  far  a-  1  am  aware,  tin1  cause  of  this  peculiar,  but  common,  forma- 
tion m  water-pipes  lias  not  previously  been  explained.  It  has  at  times 
been  attributed  to  an  iron-carrying  organic  growth  of  some  kind,  but 
I  have  made  numerous  microscopical  examinations  over  a  long  period 
"'  to  discover  such  a  growth  and  have  always  been  unsuccessful. 

I'his  week,  in  making  one  more  attempt  to  solve  the  mystery,  I  ex- 
amine.l  tin- pipes  which  Mr.  Brush  lets  described  and  found,  as  usual, 
no  organie  growth.    The  pipes  were  about  twenty-live  years  old  and 
' tubercles  were    particularly  tine,  large  specimens  and  so  hard 
that  I  was  uhle  to  cut  section-  of  them  and  make  a  thorough  micro- 
'•••pieal  nml  physical  examination.    The  finger-like  projections  were 
eonipo  e,|  d|    eparate  layers  or  accretions,  one  above  the  other,  and  the 
1  '  •  •  -  were  evidently  a  much  older  formation  than  the  upper 
I'his,  together  NVjt|,  t|lt.  physical  structure,  proved  conelu- 
sm'ly  ,l|al  tubercles  are  merely  forms  of  what  are  kn  >wn  in  mineralogy 
I'd  "»■  -tula. -titic  crystals.    These  tubercles  are  formed  just 
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as  crystals  are  formed  in  a  concentrated  liquid,  and  take  as  nuclei  the 
rough  or  uncoated  points  on  the  pipe.  When  once  started  they  serve 
as  a  depositing  area  for  successive  accretions  until  the  crystal  is  built 
up.  The  rapidity  of  growth  depends  upon  the  amount  of  iron  in 
solution  in  the  water  and  the  amount  of  oxidation  and  consequent 
precipitation  of  this  iron  which  takes  place.  It  was  noted  that  the 
lower  portion  of  these  crystals  often  had  the  composition  of  Fe^CX,  but 
usually  the  entire  crystal  was  composed  of  2  Fe2  0{  3  H2  O.  In  miner- 
alogical  formations  in  the  earth  we  have  the  exact  counterpart  of  these 
crystals  both  physically  and  chemically  in  the  botryoidal  crystals  of 
hematite  and  limonite. 

Mb.  Care. — There  were  a  number  of  old  wooden  water-pipes  dug 
up  in  connection  with  work  under  my  charge  in  the  lower  part  of  New 
York,  most  of  them  in  connection  with  the  work  of  the  Metropolitan 
Street  Railway, -but  some  during  the  prosecution  of  the  Eapid  Transit 
work.  I  do  not  recall  the  exact  dimensions  of  these  pipes,  but  think 
they  were  all  of  about  the  same  dimensions,  being  about  8  ft.  long  and 
of  different  internal  diameters.  The  largest  that  I  recall  had  an  inter- 
nal diameter  of  4  ins.,  and  the  smallest  was  2  ins. 

All  were  hub  and  spigot  pipes  and  made  of  spruce  or  cedar  logs. 
The  hubs  were  made  by  a  tapering  counter  bore  at  one  end,  and  the 
spigots  were  made  by  turning  down  the  other  end  of  the  log  so  as  to 
fit  in  this  counter  bore.  The  hub  ends  were  reinforced  by  a  band  of 
iron,  which  was  wedge-shape  in  cross-section,  and  about  an  inch  less 
in  diameter  than  the  diameter  of  the  wooden  pipe.  This  band  was 
driven  into  the  hub  end  of  the  pipe,  being  about  \  in.  inside  of  the 
external  circumference  of  the  pipe. 

The  gates  were  quite  an  interesting  feature  of  this  old  pipe-work. 
They  were  formed  simply  by  a  piece  of  iron  like  a  spade  driven  into  a 
transverse  cut  sawed  in  one  side  of  the  log.  The  water  was  evidently 
shut  off  by  driving  this  spade-like  piece  of  iron  down,  and  an  "  eye  " 
was  forged  in  the  top  of  the  piece  for  the  purpose  of  giving  a  hold  for 
pulling  out  or  raising  the  gate. 

Another  interesting  feature  was  the  taps,  of  which  I  have  only  seen 
three  or  four.  They  were  made,  I  think,  of  iron,  though  I  am  not 
positive  on  this  point.  They  were  shaped  like  a  corporation  tap,  that 
is,  being  tapered  to  drive  into  a  hole  in  the  log,  in  the  same  way  that 
the  present  corporation  tap  is  driven  into  the  iron  pipe.  The  branch 
was  on  the  side  of  the  tapered  body  of  the  tap,  the  same  as  the  present 
corporation  tap,  and  the  cut-off  was  formed  by  driving  a  wooden  plug 
into  the  top. 

Mb.  Nichols. — As  stated  by  Mr.  Wait,  the  Egyptians  probably 
used  a  vitrified  pipe,  or  something  equivalent  thereto,  for  their  water 
supply.  Throughout  the  earlier  settlement  of  this  Continent,  the 
Spaniards  came  over  here  with  lessons  learned  from  the  Romans,  and 
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m  Mexico  and  in  some  places  in  South  America  there  are  fair  samples 
of  aqueducts  of  the  Roman  type.  There  is  one  near  Vera  Cruz,  in 
Mexico,  and  in  the  City  of  Lima,  Peru,  there  is  a  large  portal  or  city 
gate,  something  similar  to  one  shown  by  Mr.  Weginann,  which 
ITM  evidently  used  in  part  for  ornamental  purposes,  standing  100  or 
more  feet  in  height  and  perhaps  200  ft.  in  length,  and  which  formed  a 
monumental  terminus  to  an  aqueduct.  The  stone  then  used  by  the 
Spaniards,  and  to  a  certain  extent  now  by  the  modern  Peruvians,  is 
very  largely  volcanic  origin,  so  soft  that  it  maybe  cut  with  a  hand 
axe  or  hatchet.  It  is,  however,  quite  durable,  and  strong  for  ordi- 
nary masonry  construction.  Lima  was  founded  about  1535,  and  prob- 
ably the  piece  of  masonry  above  referred  to  dates  back  nearly  to  that 
time.  I  don't  remember  the  name  of  the  Viceroy  in  whose  honor  or 
by  whose  munificence  this  aqueduct  and  fountain  was  built,  but  it  was 
used  as  a  fountain,  various  openings  being  found  in  the  face  of  it  from 
which  water  was  allowed  to  spurt.  The  water  was  brought  to  it  in 
an  acequia,  or  open  canal.  Of  course,  in  that  climate,  where  there  is 
never  any  frost,  and  rarely  ever  rain,  and  a  great  deal  of  heat  and 
sunshine,  a  soft  stone  would  be  more  durable.  The  question  of  en- 
dosing  aqueducts  in  the  ground  or  in  pipes  was  not  so  important,  I 
imagine  that  the  people  were  not  so  cleanly  as  the  Romans,  and  perhaps 
did  not  require  so  many  baths,  and  most  of  their  water  supply  was  re- 
quired for  purposes  of  irrigation.  The  largest  use  for  water  in  Peru 
was  for  irrigation  purposes.    Over  the  whole  area  of  Peru,  extending 

1  000  miles  up  and  down  the  Pacific  Coast,  and  inland,  perhaps,  100 
miles,  the  rainfall  will  not  average  more  than  20  to  30  ins.  in  the  year 
— not  enough  to  sustain  vegetation.  The  result  is  that  all  vegetation 
il  nourished  by  irrigation,  and  this  was  carried  on,  particularly  before 
the  advent  of  the  Spaniards,  on  a  very  extensive  scale.  One  is  iin- 
|  i  — <d  with  the  work  accomplished,  more  with  the  magnitude  than 
tlx  excellence  of  the  masonry  and  the  like,  but  certainly  impressed 
with  tlir  magnitude  of  the  works.  The  people  must  have  been  either 
ver\  numerous,  or  ver\  industrious,  and  I  imagine  both.  They  were 
a  peaceful,  law-abiding  people,  and  a  generous  people,  and  to  this  I 
have  always  ascribed  the  fact  that  the  Spaniards,  with  their  brutality 

then  as  now  i,  overcame  them  so  easily.  They  were  afraid  of  the  man 
on  horseback,  instead  of  admiring  him,  as  they  do  to-day.  The 
countn  was  hilly.  There  was  a  great  deal  of  it.  but  it  was  mostly  on 
I  '  There  are  ranges  of  hills  or  mountains  in  Peru  with  slopes 
extruding  hack  from  the  valleys  for  thousands  of  feet  and  extending 
in  eh-vat  ion  for  ot  her  thousands.     The  highest  slop.es.  in  many  cases 

2  000  ft.  high,  art  tetraeed  from  the  bottom  to  the  top  with  dry  stone 
walls,  generally  of  rough  rubble  laid  dry,  and  t  bese  walls  are  often  6 
uml  s  It  hu/h,  and  the  horizontal  bench  terraces  corresponding  to 
them  are  not  more  than   H>.  L5  or  20  ft.  wide,  but  they  will  extend 


DISCUSSION  ON  THE  OLD  ROMAN  AQUEDUCTS. 


57 


nearly  horizontally  sometimes  for  half  a  mile  or  a  mile  around  the 
slopes  of  a  hill  and  up  into  the  valleys,  walls  and  terraces  in  that 
way.  The  height  to  which  the  cultivation  on  these  slopes  could 
be  carried  depended  entirely  on  the  relation  of  the  upper  elevation 
to  the  source  of  water  supply,  and  they  would  run  back  into  the 
valleys  for  miles,  tap  the  mountain  streams — generally  a  stream 
fed  by  melted  snow — and  bring  it  in  the  open  acequias  or  canals. 
These  irrigation  canals  are  rarely  ever  more  than  2  to  3  ft.  wide 
at  the  top,  just  excavated  out  of  the  rock  and  earth,  with  the 
ordinary  slopes,  and  carried  around,  conforming  to  the  contour  of 
the  hill,  to  the  upper  elevation  of  the  terraces.  The  water  grad- 
ually trickled  down  from  one  level  to  another,  until  the  whole 
extent  of  this  vast  area,  as  previously  indicated,  was  furnished  with 
water. 

A  small  mud  dam  stops  the  water  from  running  in  one  place  and 
diverts  it  to  another,  and  so  these  numerous  and  industrious  people 
irrigated  these  garden  farms  of  theirs  as  they  do  in  the  mountain 
regions  now,  and  raising,  considering  all  the  circumstances,  great 
crops.  They  raised  more  corn  than  anything  else,  and  chiefly  corn 
and  potatoes.  The  potato  is  indigenous  or  native  to  Peru.  The 
Incas,  whom  the  Spaniards  found  in  Peru,  and  who  were  the  ruling 
race  there  at  the  time  of  the  Spanish  Conquest,  were  a  race  superior 
in  intelligence  to  the  people  who  preceded  them.  Prescott  states  that 
the  Incas  had  a  custom  of  taking  their  own  people,  brought  up  in 
their  civilization,  and  distributing  them  among  the  people  whom 
they  conquered;  that  is,  when  a  baud  or  tribe  was  subjugated  they 
would  immediately  transfer  one-half  of  that  tribe  to  the  mountain 
region,  placing  them  right  among  their  own  people  and  then  transfer 
an  equal  number  of  their  own  people  to  the  new  settlement.  The 
effect  of  this  system  was  to  bring  the  conquered  people  at  once  up  to 
their  standard  of  civilization. 

Near  the  present  town  of  Chimbote,  about  200  miles  north  of 
Callao,  in  Peru,  there  is  an  extensive  plain  along  the  coast  and 
extending  inland  and  now  covered  with  sand  blown  and  drifted  into 
place;  this  sand  covers  the  site  of  an  ancient  settlement,  probably 
antedating  the  Inca  civilization.  The  pottery  and  remains  found 
there  indicate  that  this  ancient  settlement  was  composed  of  people 
intelligent,  but  semi-barbaric,  and  still  agricultural  m  its  pursuits. 
The  area  includes  some  50  000  acres  and  no  doubt  supported  a  large 
population.  Et  almost  never  rains  in  this  locality,  and  the  water  was 
furnished  to  the  district  by  a  canal  or  acequia  about  10  miles  long 
having  its  source  of  supply  at  the  Santa  Eiver,  about  15  miles  from 
its  mouth.  The  canal  is  still  in  existence,  with  banks  and  slopes  gen- 
erally almost  as  perfect  as  when  built.  An  attempt  was  made  in 
1873  to  redevelop  this  area,  to  dig  out  and  restore  the  canal  and  let 
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tin-  water  of  the  Santa  run  through  it  again.  A  similar  district 
adjacent  to  it  w  as  redeveloped  about  this  time,  and  a  hacienda  of  some 
'17)  000  iicres  was  restored  for  the  growth  of  sugarcane.  This  hacienda 
had  about  o0  miles  of  railway  track  laid  over  it  when  I  visited  it  in 
ls7"».  and  had  an  extensive  sugar-grinding  and  refining  plant  on  it, 
which  was  fed  by  this  railway  from  the  cane  fields  of  the  hacienda. 
For  the  Chimbote  project  the  old  canal  was  dug  out  and  restored  for 
nearly  its  entire  length.  This  canal  was  about  10  ft;  across  at  the 
top  and  had  a  depth  of  3  to  4  ft.,  with  inside  slopes  of  about  1  to 
1.  carefully  graded  and  puddled.  The  grade  of  this  canal  was 
coin]  aratively  low — much  lower,  I  think,  than  that  which  Mr.  Weg- 
mauu  gives  for  the  Roman  canals,  and  probably  not  more  than  2  ft.  to 
the  mile.  The  method  of  leveling  must  have  been  even  more  crude 
than  thai  of  the  Romans;  the  Peruvians  probably  felt  their  way  along 
and  determined  experimentally  the  grade  at  which  the  water  would 
flow.  At  a  point  6  or  8  miles  from  the  ocean  the  Chimbote  Canal  was 
carried  across  a  deep  ravine,  now  called  the  Bio  Seco,  or  Dry  River, 
because  no  one  living  has  ever  seen  water  running  in  its  bed.  This 
ravine  was  nearly  1  000  ft.  broad  at  the  grade  line  of  the  canal,  which 
was  upward  of  (50  ft.  above  the  bed  of  the  ravine.  The  restored  canal 
was  finally  carried  over  the  ravine  in  a  wooden  trunk  on  a  timber  trestle. 

The  ancient  Peruvians  had  carried  their  canal  over  this  ravine  on 
an  earth  bank,  and  in  order  to  build  this  bank  they  had  denuded  the 
rock  for  miles  around  of  all  earth,  gravel  and  loose  material.  When 
one  day  a  flood  did  occur  in  this  ravine,  it  carried  out  their  bank 
and  may,  indeed,  have  driven  the  ancient  residents  of  Chimbote  out 
of  their  homes  for  want  of  water.  They  seem,  at  least,  never  to  have 
attempted  to  rebuild  the  bank  or  restore  the  canal,  simply  for  want 
of  material  for  another  bauk.  The  Peruvians  of  that  time  were  not 
as  fully  developed,  st ructurally  speaking,  as  the  ancient  Egyptians, 
and  masonry  construction  was  out  of  the  question  for  them  as  it  was 
from  an  economical  standpoint  to  the  engineers  who  built  the  timber 
trestle  m  l.sTi.  The  old  canal,  with  its  puddled  slopes  and  its  evi- 
dence of  a  hflge  earth  bank  to  carry  it  over  the  Rio  Seco,  stands  as 
I  monument  to  the  skill  and  industry  of  its  builders,  who  doubtless 
worked  ai  it  at  least  as  early  as  riontinus  labored  with  greater  skill 
for  Koine. 

It  seems  very  singular,  thinking  over  Mr.  Carr's  remarks  and 
remembering  that  I  have  seen,  from  time  to  time,  a  great  many  see- 
ol  this  ..Id  wood. ai  pipe  dug  up  which  was  laid  by  the  Manhat- 
tan Company,  that  within  loo  years  pipe  of  that  construction  should 
been  UHed  in  N< ■«  York  City.  .lust  before  the  Americau  Revo- 
lution Parliament  passed  an  act  making  it  absolutely  illegal  to 
manufacture  east  or  wrought  iron  within  t  he  Colonies,  and  this  was 
•I        bo|,H\  mid  avowedly  lor  the  purpose  ot  protecting  the  iron  in- 
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dustry  in  the  mother  country.  Later,  of  course,  iron  made  in  the 
mother  country  was  expensive  to  use  here,  and  we  were  a  poor  peo- 
ple, and  after  the  revolution,  no  doubt,  the  spirit  of  patriotism  carried 
us  so  far  that  we  would  not  use  an  English  pipe  if  we  could,  and  I 
suppose  these  were  largely  the  reasons  why  this  wooden  pipe  was  so 
extensively  used  in  New  York  City  early  in  the  19th  century. 

Mb.  Wait. — In  connection  with  Mr.  Nichols'  remarks,  I  could  add 
that  I  myself  have  seen  logs  bored  out  and  laid  in  villages  right  in 
this  State,  and  that  was  in  my  own  day  and  recollection,  which  is  not 
Tery  long. 

Mb.  Tuttee. — I  do  not  know  that  I  have  anything  to  say  which 
would  add  materially  to  the  value  of  the  excellent  paper  that  we 
have  had  this  evening.  I  could  not  help  but  think,  however,  as  we 
were  looking  at  some  of  the  pictures,  that  very  possibly  we  are  work- 
ing around  in  a  circle  after  all.  We  note  that  the  ancient  method  of 
storing  water  was  in  underground  galleries,  and  the  probabilities 
seem  to  be  that,  as  nitration  is  adopted  in  these  days,  we  must  re- 
sort to  covered  reservoirs,  and,  perhaps,  here  in  New  York  before 
many  years  have  gone  by.  In  looking  at  the  pictures  of  these  old 
aqueducts  as  they  exist  to-day  and  are  in  use,  I  suppose  we  won- 
dered whether  the  structures  that  we  are  putting  up  to-day  would 
have  a  similar  length  of  life,  and  that  we  were  all  inclined  to  be  skep- 
tical concerning  the  probabilities.  It  may  not  be  entirely  fair  to 
compare  modern  structures  entirely  dependent  on  cement  for  their 
durability  with  the  massive  Roman  structures,  yet  these  old  struct- 
ures, where  they  were  rebuilt,  showed  that  the  cement  used  per- 
-formed  its  work  well. 

The  brick  and  stone  masonry  of  the  original  Brooklyn  Water 
Works,  built  in  about  1860,  was  laid  in  natural  cement,  which  was 
then  the  only  kind  in  use.  Recent  examination  of  the  conduit  shows 
that  the  construction  is  as  sound  as  if  newly  built,  and  on  one  occa- 
sion, when  cutting  through  a  massive  rubble  foundation  wall,  I  found 
that  fracture  often  occurred  in  the  stone  instead  of  at  the  joint.  In 
1889  Brooklyn  extended  its  old  aqueduct  eastward  about  7  miles. 
The  cement  specified  for  that  work  was  natural  cement  of  ordinary 
quality — good  quality  at  that  time,  but  I  suppose  to-day  we  should 
class  it  as  an  inferior  grade  of  cement.  In  one  section  the  contractor 
was  ready  and  signified  his  desire  to  begin  work  before  the  cement 
had  been  tested,  as  he  was  very  sure  of  his  cement  .  The  consent  of  the 
engineer  was  obtained  on  condition  that  if  the  cement  failed  to  meet 
the  requirements,  the  work  should  be  taken  out  and  satisfactorily  re- 
placed. The  contractor  went  ahead  and  the  cement  tests  were  begun, 
but  after  28  days  it  was  found  to  be  very  much  below  requirements, 
and  an  examination  of  the  work  showed  that  where  the  brick  had 
been  laid  about  three  or  four  weeks,  one  could  take  a  nail  and  push 
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it  right  through  the  joiut.  The  contractor  was  ordered  to  take  down 
tin  work,  but  he  failed  to  heed  the  order  until  the  final  day  of  reckoning 
came  in  the  way  of  ■  final  estimate,  which  was  refused  on  the  ground 
that  he  had  not  replaced  this  section  with  good  work.  After  argu- 
ment, he  finally  started  to  take  down  and  rebuild  this  section,  and  in 
breaking  it  out  we  were  surprised  to  rind  that  the  masonry  would 
v,  r  tiv  |u<  !itly  part  in  the  brick  instead  of  at  a  cement  joint;  in  other 
words,  this  slow-setting  natural  cement,  which  had  entirely  failed  to 
to  meet  what  were  considered  as  most  reasonable  requirements,  was 
equal  if  not  superior,  to  any  cement  used  for  that  work.  I  cannot 
help  but  wonder  if  we  are  not  going  to  too  much  of  an  extreme  in  the 
t.  -tmg  requirements  of  our  cement  to-day  and  forcing  immediate  high 
tensile  strength  at  the  expense  of  its  quality  after  the  lapse  of  years. 

Bib.  Waghbb. — In  regard  to  the  covered  reservoirs,  most  of  this 
work  was  done  by  the  soldiers  in  Rome,  and  not  only  the  construction 
of  the  streets,  but  also  these  aqueducts.  Mr.  Wegmann  referred  to 
certain  legions.  I  think  it  is  in  the  history  of  the  Roman  Republic 
that  you  will  find  reference  made  to  these  legions.  They  found  that 
these  legions  in  times  of  peace  were  rather  a  nuisance,  and  to  keep 
down  rebellions  and  riots  they  used  to  use  them  for  all  sorts  of  work, 
and  a  great  many  of  these  aqueducts  and  other  structures  were  built 
for  this  reason.  Furthermore,  as  far  as  deploring  the  loss  of  the  use  of 
stone  without  cement,  if  you  go  to  Italy  or  France  at  the  present  time 
you  will  find  stonework  even  more  perfect  than  in  those  ages.  You 
vv- ill  fiud  in  the  neighborhood  of  Turin  a  bridge  with  a  single  arch 
span  of  about  150  meters,  composed  entirely  of  stone  blocks  fitted 
together  without  the  use  of  cement.    Some  blocks  are  in  the  neigh- 

horh  I  oi  1J  ft.  high.     In  France  during  the  last  1<><>  or  160  years 

tin  •  have  l>e<  n  I  uilding  these  large  arch  structures.  As  regards  the 
OOrered  reservoirs,  the  Romans  covered  them  simply  for  military  pur- 
poses; they  were  storage  places  in  time  of  war  and  their  design  was 
for  this  |>urpose,  with  no  idea  of  preserving  the  purity  of  the  water; 
it  was  simply  a  military  precaution. 

Speaking  of  the  admirable  stone  masonry,  I  think.  Mr.  Nichols, 
that  in  the  Ian. I  of  the  [ueas  you  found  some  admirable  specimens, 
•  •specially  in  their  bridge  and  highway  construction,  did  you  uot? 

Mil.  Si<  noi.s.  —  Not  so  much  in  the  bridge  construction.  Thev 
built  very  few  bridges  of  great  length,  although  they  have  the  credit 
of  being  among  the  earliesl  suspension  bridge  builders.  As  to  the 
stone.  I  think  we  are  apt  to  give  them  too  much  credit  for  very  care- 
ful stone  laying,  according  to  our  modern  standard.  The  most  of  the 
st"'"  that  is  laid  is  in  block,  and  some  fine  specimens  of  it  ante- 
date that  laid  by  the  ancient  Peruvian.  There  is  a  good  deal 
that  has  withstood  earthquakes,  but  fine  cut  stone  and  block 
*tone,  what  we  call  ashlar,  nearly  all  that  is  of  the  softer  grades  of 
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stone  which  I  previously  referred  to.  Where  they  have  some  frost  and 
a  little  snow  and  a  good  deal  of  cold  weather,  though  not  much  freez- 
ing weather,  in  those  localities  they  have  built  with  the  harder  stone 
and  built  walls  generally  of  this  stone,  and  in  some  cases  very  expen- 
sive walls,  and  these  walls  have  been  described  truly  by  Mr.  Wegmann 
as  being  laid  with  joints  into  which  you  could  not  insert  the  blade  of 
a  knife.  This  is  true.  Most  of  flat  stone-work  was  built  like  our  brown- 
stone  fronts  are  built,  dry  and  laid  in  the  slopes  on  edge  and  built 
with  a  bond  so  that  they  would  not  fall  out.  The  stones  were  taken 
and  fitted  together.  Time  seemed  to  be  no  object  to  them,  and  the 
method  generally  pursued  seemed  to  be  to  place  a  couple  of  stones  in 
position  and  dress  the  two  stones  so  that  they  came  together  nicely 
and  then  dress  the  top  edges,  not  to  a  horizontal  level  surface,  but  to 
any  surface  that  happened  to  be  most  convenient  with  the  stone, 
making,  say,  of  these  two  stones  a  triangle  and  perhaps  inclined  30°  or 
450  and  having  another  stone  of  that  dimension  and  fitting  it  in  there 
so  that  the  joints  came  very  close  together  only  at  the  outside;  at  the 
back  they  were  not  so  good.  They  built  for  looks  and  not  with  regard 
to  horizontal  or  vertical  joints. 
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I  am  very  glad  to  talk  to-night  on  the  question  of  rapid  transit.  I 
realize  that  it  is  a  large  subject  and  will  not  go  into  great  detail.  I 
am  going  to  treat  it  in  a  general  way,  commencing  with  the  first 
demand,  in  1831,  for  improved  facilities  for  New  York  City,  when  it 
w  u  Bought  to  get  a  surface  railroad  down  Broadway,  and  in  1833 
this  was  virtually  accomplished  by  having  the  double  track  line  down 
Fourth  Avenue  to  City  Hall.  The  street  railways  took  care  of  the 
people  in  a  general  way.  and  in  18o9,  when  the  first  elevated  line  was 
built,  ran  a  short  line  (a  cable  line)  down  Greenwich  Street.  When, 
however,  the  legislature  passed  an  act  in  1875  organizing  a  Committee 
which  looked  into  the  question  of  elevated  roads,  and  which  after- 
wards became  the  Manhattan  Elevated,  the  public  were  to  a  great 
•  .ten!  relieved.  L'ln  Street  Railway  people,  always  alert,  went  to  the 
legislature  at  that  time  and  had  an  act  passed  that  no  road  should 
be  built  which  could  pass  over,  under  or  through  42d  Street, 
'•renting  tin*  condition  of  having  a  disjointed  road.  /.  <*.,  separating  the 
Oil     north  0f42d  Street;  and  in  after  years,  from  1880  to  1890,  when 

several  Oommittioni  were  appointed  for  the  furtherance  of  rapid 

I,  tlii  ditliculty  invariably  confronted  them.  Fortunately,  in 
!*'.»],  an  net  was  passed  by  the  legislature  annulling  that  restriction, 
but  w  hen  the  matter  came  before  the  public,  or  rather,  came  to  a  test.. 

tin  m   wn    no  i  1    ponsible  bidder. 
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Of  course,  thai  means  a  complete  reconstruction  of  sewers  and  relay- 
in  g  of  water  pipes  throughout  the  entire  route. 

In  the  original  discussion  or  study  of  rapid  transit,  the  first  ques- 
tion that  came  up  was  how  the  road  should  be  built,  whether  a  deep 
tuuuel  would  be  more  advantageous,  or  to  build  close  to  the  surface 
of  the  street.  It  was  decided  that  a  shallow  tunnel  would  be  the 
better  tvpc  leaving  a  subway  where  it  is  possible  and  more  conve- 
nient, and  then  a  deep  tunnel  when  necessary.  As  laid  out  to-day, 
taking  the  three  miles  in  Brooklyn  which  has  been  added  to  the  21 
miles  of  the  McDonald  contract,  there  are  24  miles  of  railway  (about 
80  miles  of  track  actually,  but  24  miles  of  railway).  Of  that,  13£  miles 
are  subway,  are  elevated  and  about  5  miles  are  deep  tunnels;  so  that 
we  have  all  methods  of  construction  in  New  York  City. 

In  the  construction  of  the  subway  in  New  York  City  an  immense 
amount  of  rock  has  been  excavated.  Of  over  3^  million  cubic  yards 
oi  ,  .  avation  m  the  MeDonald  contract,  nearly  one-half  is  rock,  When 
it  is  attempted  to  take  the  rock  out  of  a  crowded  city  like  New  York, 
with  the  tracks  of  surface  railway,  it  is  a  very  serious  problem.  In 
that  portion  of  the  work  where  we  expected  the  least  trouble,  we  had 
the  most,  i.  e.,  Major  Shaler's  contract,  bet  ween  41st  and  34th  Streets. 
Hen  there  seemed  to  be  a  concentration  of  bad  results,  and  although 
t  he  damage  was  not  very  much  from  a  monetary  standpoint,  there  was 
loss  of  life.  It  is  well  known  how  Major  Shalerniet  his  death.  It  was 
a  s;ul  affliction  and  au  unfortunate  ending  of  a  brilliant  life. 

As  to  the  masonry  and  steel  on  the  work,  the  detail  is  something 
stupendous.  There  are  02  000  tons  of  steel  which  are  being  made  and 
which  are  almost  in  place,  and  the  design  of  that  work  is  very  large. 
The  material  has  been  very  carefully  inspected,  much  more  so,  I 
think,  than  any  work  ever  constructed,  notwithstanding  the  amount 
ut  work.  The  inspection  of  the  work  has  been  done  very  carefully. 
All  steel  if  tested.  Even  the  shop  work  is  looked  after  with  a  large 
corps  of  Inspectors,  who  arc  appointed  under  Civil  Service  rules,  and 
t  hi-  cement  is  inspected.  The  paint  aud  the  asphalting,  and  in  fact  all 
material  of  tin*  rapid  transit  work  is  carefully  inspected.  I  want  to 
speak  more  particularly  in  reference  to  the  cement,  which  has  been 
nvcII  under  control.  It  is  the  best  cement  used  in  this  country,  mainly 
I  has  been  uniform.  The  Engineers  have  been  somewhat 
aibit  r.irv  w  it  h  the  manufacturers,  have  gone  right  into  their  works. 
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and  have  tested  the  material  as  it  goes  into  the  bins,  when  it  is  tagged, 
so  that  one  can  go  on  any  portion  of  the  work  and  find  evidence  of 
when  the  material  was  tested,  and  the  records  will  show  just  exactly 
what  the  conditions  are  in  which  it  was  accepted. 

The  principal  elements  of  design,  have  been  speed  and  watertight 
work.  To  have  the  subway  watertight,  the  principle  involved  is  that 
if  you  exclude  the  dampness,  you  will  in  that  way  have  an  air  which 
can  be  handled.  Instead  of  being  a  heavy  air  you  will  have  an  air 
something  like  the  atmosphere  of  this  room,  and  that  principle  has 
been  the  one  evolved  when  the  design  of  the  New  York  subway  was 
made.  What  the  results  will  be  will  be  demonstrated  in  the  next 
year.  In  many  portions  of  the  work  we  have  some  leaks,  which  we 
are  trying  to  remedy,  but  as  a  general  thing  the  work  is  watertight 
and  the  air  of  the  subway  is  good. 

As  to  the  question  of  speed,  the  problem  was  to  take  all  classes  of 
travel  from  one  end  of  the  city  to  the  other,  i.  e.,  from  Kingsbridge 
and  The  Bronx  to  the  City  Hall.  Of  course  this  is  a  complicated 
question  and  the  way  to  solve  it  is  to  have  a  four-track  line  from  City 
Hall  to  104th  Street  which  would  allow  of  an  express  service  for  that 
distance;  then  on  the  west  side  of  the  city  up  to  147th  Street  extend 
the  four-track  line  to  a  three-track  line,  allowing  an  express  service 
morning  and  night  during  the  rush  hours  or  whenever  required;  and 
for  the  east  side,  in  the  same  way,  to  have  two  and  in  some  places 
three  tracks.  When  the  Commission  laid  out  the  original  route  it  was 
intended  to  have  an  east  side  line,  but  as  the  Court  decreed  that  the 
expenditure  must  be  cut  down  below  $50  000  000,  the  Commission  re- 
duced it  to  about  $35  000  000.  That  really  threw  out  the  east  side 
line,  but  in  laying  out  this  route  that  was  not  overlooked  and  the 
scheme  contemplates  making  extensions  in  different  directions  which 
I  will  speak  of  later. 

The  express  line  has  stations  1£  miles  apart,  that  is,  starting  at 
the  City  Hall,  one  at  14th  Stieet,  the  next  at  42d  Street,  the  next  at 
72d  Street,  and  the  next  at  96th  Street.  In  that  way  one  will  be  able 
to  start  at  City  Hall,  and,  with  the  schedule  as  already  laid  out  by 
the  operating  company,  get  to  Harlem  in  fifteen  minutes,  and  reach 
the  different  parks  on  the  east  and  west  side  of  the  city  in  thirty 
minutes. 

The  express  tracks  will  accommodate  trains  with  eight  cars  or  less, 
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and  have  tested  the  material  as  it  goes  into  the  bins,  when  it  is  tagged, 
so  that  one  can  go  on  any  portion  of  the  work  and  find  evidence  of 
when  the  material  was  tested,  and  the  records  will  show  just  exactly 
what  the  conditions  are  in  which  it  was  accepted. 

The  principal  elements  of  design,  have  been  speed  and  watertight 
work.  To  have  the  subway  watertight,  the  principle  involved  is  that 
if  you  exclude  the  dampness,  you  will  in  that  way  have  an  air  which 
can  be  handled.  Instead  of  being  a  heavy  air  you  will  have  an  air 
something  like  the  atmosphere  of  this  room,  and  that  principle  has 
been  the  one  evolved  when  the  design  of  the  New  York  subway  was 
made.  What  the  results  will  be  will  be  demonstrated  in  the  next 
year.  In  many  portions  of  the  work  we  have  some  leaks,  which  we 
are  trying  to  remedy,  but  as  a  general  thing  the  work  is  watertight 
and  the  air  of  the  subway  is  good. 

As  to  the  question  of  speed,  the  problem  was  to  take  all  classes  of 
travel  from  one  end  of  the  city  to  the  other,  i.  e.,  from  Kingsbridge 
and  The  Bronx  to  the  City  Hall.  Of  course  this  is  a  complicated 
question  and  the  way  to  solve  it  is  to  have  a  four-track  line  from  City 
Hall  to  104th  Street  which  would  allow  of  an  express  service  for  that 
distance;  then  on  the  west  side  of  the  city  up  to  147th  Street  extend 
the  four-track  line  to  a  three-track  line,  allowing  an  express  service 
morning  and  night  during  the  rush  hours  or  whenever  required;  and 
for  the  east  side,  in  the  same  way,  to  have  two  and  in  some  places 
three  tracks.  When  the  Commission  laid  out  the  original  route  it  was 
intended  to  have  an  east  side  line,  but  as  the  Court  decreed  that  the 
expenditure  must  be  cut  down  below  $50  000  000,  the  Commission  re- 
duced it  to  about  $35  000  000.  That  really  threw  out  the  east  side 
line,  but  in  laying  out  this  route  that  was  not  overlooked  and  the 
scheme  contemplates  making  extensions  in  different  directions  which 
I  will  speak  of  later. 

The  express  line  has  stations  1|  miles  apart,  that  is,  starting  at 
the  City  Hall,  one  at  14th  Stieet,  the  next  at  42d  Street,  the  m  xt  at 
72d  Street,  and  the  next  at  96th  Street.  In  that  way  one  will  be  able 
to  start  at  City  Hall,  and,  with  the  schedule  as  already  laid  out  by 
the  operating  company,  get  to  Harlem  in  fifteen  minutes,  and  r<  a<  b 
the  different  parks  on  the  east  and  west  side  of  the  city  in  thirty 
minutes. 

The  express  tracks  will  accommodate  trains  with  eight  cars  or  less. 


66 


RAPTD  TRANSIT  IN  NEW  YORK  CITY. 


and  on  the  local  tracks  there  will  probably  be  five-car  trains  or  less. 

The  number  of  miles  of  sewer  construction  was  about  12.  This 
matter  was  gone  into  very  carefully.  The  details  was  published  in 
the  contract  plans,  and  were  very  carefully  considered.  There  were 
ov(  r  forty  miles  of  water  pipes,  gas  pipes  and  electric  ducts,  etc., 
which  had  to  be  reconstructed  and  moved,  and  to  date,  covering  a 
period  of  three  years  and  seven  months  there  has  been  expended  of 
the  $35  000  000,  not  including  extras,  about  829  000  000.  The  con- 
traet  time  is  4£  years,  and  the  time  is  not  up  until  about  September, 
1004.  Had  it  not  been  for  the  strike  last  summer,  the  road  would 
have  been  in  operation  in  the  latter  part  of  October  or  the  first  part 
of  November.  At  the  end  of  next  month  there  will  only  be  two  por- 
tions of  the  work  where  excavation  is  not  completed.  Those  two 
places  are  Fort  George,  where  there  is  about  600  lin.  ft.  of  tunnel 
to  be  excavated,  and  under  the  Harlem  Eiver,  where  there  is  a  section 
of  about  300  ft.  of  tunnel  to  be  constructed.  Half  of  this  tunnel  has 
already  been  constructed,  and  the  other  part  is  to  be  constructed 
within  the  next  year. 

The  material  encountered  below  14th  Street  is  mostly  sand  and 
gravel,  but  which  is  generally  dry,  free  from  moisture,  except  where 
it  comes  under  Canal  Street  and  vicinity,  and  in  the  lower  part  of 
Broadway;  from  14th  Street  to  122d Street  rock  and  gravel  are  encoun- 
tered; rock  also  extends  to  Fort  George,  and  on  the  Central  Park 
section,  to  the  junction  of  Lenox  Avenue  and  110th  Street,  and  in  the 
tunnel  through  114th  Street  to  104th  Street,  but  north  of  that  point 
gra\el  and  sand  are  found  until  you  get  to  this  side  of  the  Harlem 
where  t  here  is  some  limestone. 

The  original  contract  contemplated  that  the  stations  would  have 
platforms  about  200  ft.  long,  hut  when  the  contractor  considered  the 
changes  which  he  was  asked  to  make  in  the  desigu,  his  first  request 
was  that  the  express  stations  should  be  placed  nearer  together,  less 
than  11  miles  apart.  Mr.  Parsons,  however,  insisted  on  the  distance 
b. 'tween  the  express  stations  as  originally  proposed,  1^  miles  apart, 
as  affording  real  rapid  transit,  enabling  those  living  in  the  outlying 
diHtricts  to  get  to  their  homes  with  few  stops.  After  96th  Street  is 
I  the  r«»ad  is  so  designed  that  if  desired  to  have  an  express 
H.-rvicr  from  00th  Street  to  lOSth  Street  the  stations  between  these 
two  localities  can  be  made  express  stations,  switching  facilities  hav- 
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ing  been  provided  to  accomplish  this  purpose.  There  are  sidings 
arranged  at  42d  Street  and  at  different  places  along  the  line  of  the 
road.  At  42d  Street  there  is  additional  track  so  a  train  can  be  run  in 
there  instead  of  running  all  the  way  downtown,  and  a  schedule  could 
be  made  to  accommodate  the  travel.  There  is  also  another  fifth  track 
at  14th  Street  arranged  for  the  same  purpose;  another  at  Spring 
Street,  and  also  two  loops,  one  at  City  Hall,  which  is  a  single  track 
loop,  and  which  enables  the  trains,  instead  of  going  down  to  the 
Battery  to  be  turned  around  and  sent  uptown  again  from  that  point, 
and  a  double  loop  at  the  Battery,  so  that  the  operation  of  the  road 
can  be  made  to  meet  the  demands  of  the  traveling  public. 

On  Broadway  between  137th  Street  and  142d  Street  there  are  eight 
tracks  under  ground,  five  of  which  are  for  the  storage  of  cars.  Instead 
of  having  the  ordinary  storage  as  you  have  seen  on  the  elevated  road 
at  145th  Street,  these  tracks  have  been  put  underground  and  placed  so 
that  they  can  make  up  their  trains  with  the  least  amount  of  trouble 
and  which  can  be  operated  with  ease.  On  the  east  side  there  are 
terminals  at  Lenox  Avenue  and  150th  Street,  another  at  177th  Street 
and  Southern  Boulevard  which  will  afford  facilities  for  the  storage  of 
cars,  etc. 

When  it  is  considered  that  in  building  this  railroad  the  contractor 
is  using  1|  tons  or  2  tons  of  dynamite  a  day,  the  difficulties  under 
which  the  contractors  have  done  their  work  are  apparent;  and  with 
the  blasting  that  has  been  done  at  all  hours  of  the  day  and  night  on 
some  portions  of  the  work,  the  wonder  is  that  more  accidents  have 
not  occurred.  The  only  real  serious  accidents  have  been  the  slipping 
of  rocks  in  tunnels  and  the  explosion  at  Park  Avenue. 

The  42d  Street  and  the  Fourth  Avenue  constructions  have  been  the 
most  objectionable  of  the  whole  work,  but  those  sub-contracts  were 
made  at  a  time  when  it  was  questionable  if  the  City  could  get  a  bidder, 
and  in  writing  the  original  specifications  the  contractor  was  allowed 
libsrties  which  have  not  been  allowed  in  the  consideration  of  the 
Brooklyn  contract.  He  was  allowed  to  have  some  material  deposited 
on  the  streets,  and  was  permitted  to  make  excavations  by  forming  an 
open  trench  and  keep  it  open  in  almost  any  place  desired.  In  the 
letting  of  the  Brooklyn  contract,  the  contractor  was  compelled  to  con- 
duct his  work  in  a  different  manner,  without  interference  of  traffic 
and  without  seriously  obstructing  the  streets.    The  work  now  going 
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on  in  the  lower  part  of  Broadway  is  something  that  I  hope  you  gentle- 
men will  watch,  and  I  think  that  you  will  be  pleased  at  the  way  in 
which  it  is  being  done.  The  work  in  front  of  the  Park  Row  Building 
where  many  of  you  gentlemen  have  your  offices,  has  been  in  the  last  four 
or  five  mouths,  and  on  the  east  side  of  Park  Row,  L  e.,on  the  opposite 
side  of  the  Post  Office  there  has  been  a  trench  dug  about  12  ft.  wide 
and  about  20  ft.  deep,  and  a  cable-way  erected  over  that  trench,  and 
material  from  the  whole  street  taken  out,  and  the  street  kept  in  place, 
notwithstanding  that  there  are  four  tracks  of  surface  roads  to  be  sup- 
ported. It  has  been  a  pleasure  to  me  to  see  how  that  work  has  been 
done,  and  done  practically  without  the  knowledge  of  the  people  on 
that  street.  They  did  not  know,  and  some  of  them  to-day  do  not 
know,  that  the  work  has  been  completed.  It  was  supposed  that  the 
trench  dug  there  was  about  all  the  excavation  which  had  been  made. 
I  can  tell  you  a  story  about  that  work  which  shows  its  magnitude, 
and  how  often  those  in  charge  of  the  work  will  know  little  of  what  is 
going  on.  One  of  the  contractors  saw  the  sub-contractor  of  this  Park 
Row  section,  and  said,  "Why  don't  you  put  more  men  to  work  on 
this  section,"  adding,  "  I  have  been  here  and  I  have  my  office  in  this 
building  and  see  only  about  20  or  25  men  at  work.  It  seems  to  me 
you  ought  to  put  more  men  to  work."  The  sub-contractor  remarked: 
"Do  you  know  that  we  have  had  200  men  at  work  on  this  street  for 
the  last  six  weeks  and  that  there  is  no  more  excavation  to  come  out  of 
the  street."  That  gentleman  was  the  head  contractor.  He  had  not 
gone  into  the  trench;  had  not  seen  the  work,  and  thought  it  was 
operated  ouly  as  seen  from  the  surface. 

In  lower  Broadway  an  attempt  is  being  made  to  temporarily  replace 
the  surface  of  the  street  by  planking,  and  then  pursuing  the  same 
method  as  punned  iu  Park  Row,  with  the  shafts  in  front  of  St.  Paul's 
Church.  Lower  down  on  Broadway  it  is  proposed  to  keep  the  surface 
<>f  the  street  intact  as  long  as  possible  and  pursue  the  same  course  of 
taking  out  the  excavation. 

The  Mast  Kiver  problem  is  a  serious  one.  There  is  a  tunnel  li 
miles  long  extending  from  Sout h  Ferry  to  Joraleniou  Street,  Brooklyn, 
:»:ei  .it  tli.  present  time  there  are  two  shield*  working  to  the  east  in 
Joraleiie-n  Street  through  a  dry  sand.  Eventually,  or  within  two 
months,  there  will  be  two  other  shields  which  will  work  down  hill, 
-nit  i  the  water  section.    At  the  present  time  those  two  shields* 
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are  working  without  having  any  trouble  so  far  as  the  water  is  con- 
cerned. In  Battery  Park,  there  are  two  shafts,  and  excavation  is  made 
underneath  the  elevated  road.  They  have  gone  to  the  south  about 
200  ft.  which  I  will  show  a  little  later  by  the  stereopticon.  The  rock 
extends  on  the  Manhattan  side  nearly  to  the  middle  of  the  East 
Kiver;  beyond  that  and  in  Brooklyn  the  material  is  sandy  and  has 
some  clay  mixed  with  it.  and,  of  course,  there  the  problem  will  be 
a  little  different  from  what  it  will  be  on  the  Manhattan  side,  although 
I  think  the  Contractor  will  be  obliged  to  use  compressed  air  to 
guard  against  it  on  the  Manhattan  side  in  the  construction  of  his 
tunnel. 

The  stations  as  designed  by  the  Kapid  Transit  Engineers  are  to  be 
ornamental.  About  eighteen  months  were  occupied  in  designing  the 
first  station  at  59th  Street.  I  wish  when  you  gentlemen  go  up  that 
way  you  would  take  a  look  into  that  station,  which  is  the  first 
completed,  and  it  will  show  you  a  general  idea  of  the  construction 
which  is  to  be  followed  on  ali  the  different  stations,  except  the  orna- 
mentation will  be  varied  in  the  different  parts  of  the  work.  There 
will  be  lavatories  on  both  sides  of  the  stations  for  men  and  women, 
both  pay  and  free.  The  contractor  has  not  spared  any  money  in  car- 
rying out  the  requests  of  the  Commission.  He  did  not  calculate  in 
the  beginning  to  put  so  much  money  into  these  different  stations  and 
into  the  operation  of  the  road.  In  the  building  of  his  power  station 
he  will  spend  more  than  double  the  amount  he  originally  intended  to 
spend.  His  original  estimate  of  equipment  was  about  $8  000  000  and 
the  changes  probably  will  aggregate  about  $18  000  000.  The  power 
station  is  not  paid  for  by  the  City,  but  he  has  to  furnish  it,  for  which 
he  is  remunerated  by  means  of  the  operation  of  the  road.  It  is  located 
at  59th  Street  and  the  North  River,  and  has  a  capacity  of  about 
135  000  horse-power.  It  will  be  the  largest  power  station  in  this 
country,  if  not  in  the  world.  The  tracks,  of  which  there  are  20  miles 
already  laid,  are  to  be  100-lb.  rails,  although  the  contract  calls  for  an 
80-lb.  rail. 

A  great  deal  has  been  said  in  connection  with  our  rapid  transit 
work  in  regard  to  accidents.  It  cannot  be  said  that  no  accidents  will 
occur;  provision,  however,  has  been  made  against  a  recurrence  of  the 
accidents  of  the  past. 

When  the  original  contract  was  let — the  McDonald  Contract — (it 
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having  been  drawn  up  in  1898)  it  was  not  specified  that  electricity 
should  be  used  because  it  was  considered  possible  that  a  more  efficient 
power  might  be  discovered  and  put  into  use;  hence,  in  the  original 
contract,  no  mention  was  made  as  to  the  kind  of  power  to  be  utilized. 

After  the  execution  of  the  contract  the  Contractor  elected  to  use 
electricity,  and  requested  that  the  ducts  be  put  in  the  side  wall  of 
the  subway.  This  has  been  done.  There  are  sixty-four  ducts  on" 
each  side  along  a  large  portion  of  the  subway,  and  in  these  are  to  be 
built  the  cables  for  the  power.  There  will  also  be  independent  ducts 
for  conveying  power  for  lighting  which  are  entirely  independent  of 
the  inside  of  the  subway,  and  are  independent  of  each  other,  so  that 
if  one  should  become  defective  the  probability  is  that  no  interruption 
in  the  service  would  occur. 

The  local  stations  are  in  the  lower  part  of  the  city  and  are  about 
five  to  the  mile,  where  the  subway  has  been  made  wide.  A  four- 
track  subway  is  about  50  ft.  wide,  which  allows  12|  ft.  between 
centers,  and  in  the  case  of  an  accident  the  opportunity  is  given  for 
the  passengers  to  alight  from  the  train  so  that  they  would  not  be  in 
danger  from  the  third  rail,  which  is  to  be  covered.  On  account  of  it 
being  a  sej^arate  system  it  does  not  seem  that  we  could  have  the  same 
accident  that  happened  in  the  Paris  subway. 

I  do  not  know  whether  you  gentlemen  have  realized  what  is  going 
on  in  New  York  on  the  question  of  transportation  when  you  consider 
khe  question  of  dollars  and  cents.  It  is  to  my  mind  stupendous  to 
note  the  amount  of  money  which  is  to  be  spent  in  the  next  five  years 
jn  this  city  and  its  vicinity  upon  the  transportation  problem.  You 
have  the  Rapid  Transit  Subway,  which  involves  an  expenditure  of 
something  like  860  000  000,  and  you  have  the  Brooklyn  contract, 
in  which  the  contractor  gets  $2  000  000  for  work  which  will  cost  him 
S'.t  IKK)  (MM);  you  have  the  Pennsylvania  tunnel, which  will  cost  allthe  way 
from  £(>()  (ii)i)  OOOtoSTOOO)  000;you  have  the  New  York  Central  improve- 
ments, which  cost  somewhere1  in  the  vicinity  of  £'2u  000  000; you  have 
th<  I  r  -  \  trolley  tunnel  which  is  now  over  half  completed  across  the 
Bade  on  River,  which  costs  s  1 0  000  000.  and  you  have  these  improve- 
ment- of  the  Pennsylvania  Railroad  for  running  its  freight  around 
tbrongb  I  be  Brooklyn  Motion  over  the  Island  and  connecting  with  the 
N«'«  York,  N.  w  Haven  and  Hartford  Railroad;  you  have  your  new 

William  bridge  Approach,  and  yon  have  your  new  Manhattan  Bridge 
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in  course  of  construction,  and  the  Blackwell's  Island  Bridge. 
Take  all  these  transportation  problems,  for  which  large  appropria- 
tions have  been  made,  and  yon  have  (with  some  extensions  of  the 
subway  which  are  bound  to  come)  an  expenditure  of  an  amount  esti- 
mated between  8250  000  000  and  8300  000  000.  It  is  expected  that  all 
of  these  rapid  transit  systems  will  be  completed  within  the  next  five 
years.  I  do  not  know  of  any  other  city  or  any  other  country  that 
can  spend  such  an  amount  for  transportation  purposes. 

I  have  only  gone  over  this  subject  in  a  general  way  for  discussion. 
I  did  not  have  much  time  to  prepare  myself  to  talk  to  you,  but  thought 
that  a  general  statement  of  the  rapid  transit  problem,  accompaDied  by 
a  number  of  views,  100  or  more  of  different  portions  of  the  work, 
would  open  the  subject  for  discussion. 

I  am  now  ready  to  show  the  stereopticon  views. 


DISCUSSION. 


Mh.  Cabr. — Mr.  Rice  has  given  an  interesting  account  of  the  con- 
struction and  a  good  general  description  of  it.  I  do  not  feel  prepared 
to  _  i\  -•  any  more  discussion  on  tin-  details  of  my  part  i  >f  the  w(  »rk.  and 

I  do  not  think  the  meeting  is  prepared  to  hear  such  a  discussion  at 
this  time  of  the  evening. 

Mr.  ]5is<  hoi'f. — I  would  like  to  ask  Mr.  Rice  a  question  regarding 
the  ventilation  of  the  subway? 

The  Author.  —Yes,  sir.  As  I  stated  in  the  course  of  my  remarks,  the 
principle  of  the  design  is,  if  you  can  maintain  the  pure  air,  then  yon 
are  going  to  have  good  ventilation,  and  that  is  the  purpose  of  spend- 
ing so  much  money  in  keeping  the  air  of  the  subway  free  and  clear 
from  moisture;  and  the  trains,  going  as  they  will,  between  30  and  40 
miles  an  hour  in  the  middle  tracks,  and  18  or  20  miles  an  hour  in  the 
local  tracks,  will  keep  the  air  in  circulation.  There  has  not  been  any 
attempt  whatever  to  narrow  the  subway  to  a  9j-or  10-  or  20-ft.  sub- 
way, 12 ]  ft.  being  the  centers.  You  will  find  a  great  many  large,  exten- 
sive railroads  where  they  have  their  tracks  less  than  12i  ft.  in  centers; 
but  this  is  liberal  all  the  way  through,  so  as  to  have  plenty  of  air  on 
the  outside  of  trains,  which  are  about  8  ft.  wide  and  8  ft.  high,  so 
that  you  can  see  the  amount  of  space  occupied  by  those  cars. 

Mi:.  Lewis. — Mr.  Rice,  do  you  know  of  any  other  place  where 
tunnels  have  been  constructed  where  dependence  has  been  wholly 
placed  upon  keeping  moisture  out,  and  where  the  results  have  been 
entirely  satisfactory? 

The  Author. — No,  sir.  In  the  Boston  subway  I  hoped  that  they 
would  make  a  water-tight  subway  there,  but  they  did  not,  and  they 
had  some  trouble  with  ventilation  at  times;  but  they  have  provision 
there  for  fans,  which  are  seldom  used.  I  know  of  no  place  where  they 
have  constructed,  as  they  have  in  New  York,  anywhere  near  a  water- 
tight tuunel.  Of  course,  it  has  not  been  done  in  New  York  in  the 
tunnels,  although  a  very  complex  and  very  large  system  of  drainage 

I I  Im  i  ii  made  in  those  tunnels;  but  it  has  not  been  made  water-tight. 
The  subway  itself  will  be  made  water-tight. 

Mb,  Lewis  — Will  your  asphalt  coating,  you  think,  be  effeetive'? 

The  Ai  rnon.  —  We  think  so.  It  has  been  to  a  large  extent.  We 
have  had  some  leak-i  and  some  trouble  when  the  gas  strikes  it,  but 
thi  t  ph. ilt  has  been  good.  Some  leaks  were  very  small  and  have 
'•••ii  repaired.      In  one  particular  ease,  at  5«.Hh  Street,  there  is  a 

nv  iteh  ..f  the  Met  ropolitan  st  reel  Railway  between  the  surface  of  the 

tree)  h.-re;  they  ke,  p  t  hat  switch  free  by  the  use  of  naphtha.  The 
'  ••••       ■  ■    1  '  1  -"in-    trouble,  and  we  put  in  a  lead  covering  and 
'  I'  id  p..ek«-t  by  itself,  so  that  the  switch  was  entirely  covered. 
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Me.  Lewis. — Just  asphalt  all  the  way  through  and  no  tar? 

The  Author. — Yes,  sir.  Of  course,  the  tunnels  under  the  Harlem 
River  and  the  East  River  are  made  of  iron,  and  those  structures  will 
be  absolutely  water-tight. 

Mr.  Bischoff. — It  has  often  occurred  to  me  in  this  subway  that  the 
columns  and  the  iron  wrork,  if  got  at  easily,  can  be  well  preserved  ; 
but  the  upper  girders,  which  may  be  more  or  less  exposed  to  moisture, 
in  time  might  deteriorate,  and  I  was  wrondering  if  after  fifty  years  the 
thing  wrould  not  be  rusted.    What  protection  is  there? 

The  Author. — lam  sorry  now,  but  I  did  not  think  of  it  at  the  time. 
I  have  some  views  which  showr  the  concreted  structure  where,  instead 
of  having  any  steel  exposed,  it  is  buried  in  concrete,  so  that  the  center 
columns  are  exposed  in  the  wmole  of  the  Brooklyn  structure,  and  also 
in  the  Lenox  Avenue  structure.  Here  we  have  a  beam  which  is,  say, 
15  ins.  high,  and  that  beam  is  covered  entirely  with  concrete;  for  in- 
stance, the  beams  are  5  ft.  span.  That  beam  is  entirely  covered  with 
concrete  on  the  top,  on  its  sides  and  in  only  one  space  on  the  bottom, 
and  we  know  that  here  it  is  protected  by  concrete,  and  even  if  that 
lowrer  part  would  deteriorate  it  would  not  have  very  much  deterio- 
ration. 

Mr.  Lew^. — In  the  general  plan  which  you  sh^jyed  there  was  no 
suggestion  of  the  subway  on  Broadway  between  Uifion  Square  and 
42d  Street. 

The  Author. — That  has  been  talked  of  a  good  deal,  and  I  believe 
that  the  contractors  offered  to  build  it  for  nothing  if  the  way  were 
clear. 

Mr.  Lewis.  — How  about  the  feasibility  of  making  a  deep  tunnel  in 
order  to  avoid  surface  disturbance. 

The  Author. — That  question  is  under  study,  and  I  think  the  engi- 
neers have  refused  to  discuss  the  question  in  the  papers.  The  papers 
have  bsen  hammering  the  rapid  transit  work,  and  the  engineers  have 
refused  to  discuss  it  for  the  reason  that  the  commission  has  never  de- 
cided upon  the  route  down  through  Broadway,  and  the  question  is 
being  examined  by  the  Rapid  Transit  Engineers  with  reference  to  a 
route,  and,  of  course,  nothing  has  been  decided  or  wrill  be  said  until 
those  studies  have  been  made.  These  are  the  facts  in  the  matter. 
Nothing  has  been  done  with  reference  to  the  extensions  on  Broadway. 
That  scheme,  as  you  say,  was  suggested  by  the  contractor,  who  would 
build  for  S100  000  that  section  from  42d  Street  down  to  14th  Street,  but 
would  make  no  direct  connection.  He  did  not  intend  to  connect  with  the 
subway  portion.  I  think  that  eventually,  if  any  lines  are  to  run  down 
in  that  direction,  whether  they  go  down  Broadway  or  Seventh  Avenue, 
they  should  be  continued  to  the  lower  part  of  the  city.  Mr.  Belmont's 
proposition  was,  to  go  down  as  far  as  14th  Street. 
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By  Wisneb  Martin,  Member  of  the  Society. 
Presented  Octobeb  28th,  1903. 


The  great  problem  of  regulating  the  movement  of  vehicles  in  the 
streets  of  Manhattan,  the  rigid  enforcement  of  the  best  rules  for  safety, 
convenience  and  speed,  is  probably  the  most  important  one  awaiting 
solution  which  aims  for  public  improvement  in  this  city. 

The  rigid  enforcement,  however,  of  the  most  comprehensive  rules 
of  the  road  would  still  leave  certain  of  the  more  congested  points  for 
special  treatment.  Indeed  in  the  operation  of  the  surface  street  rail- 
ways the  number  of  cars  which  can  be  run  over  a  whole  line  is  only  as 
great  as  the  number  which  can  be  passed  over  the  most  congested 
point  on  the  line  in  a  given  time;  and  this  theorem  is  true,  only  in  a 
less  degree,  for  vehicles  which  are  not  confined  in  their  movement  to 
the  fixed  line  of  the  car  tracks.  So  that  the  solution  of  these  special 
cases  is  only  slightly  less  important  than  that  of  the  general  problem. 
It  is  to  some  of  these  special  problems  that  I  ask  your  attention. 

Fifth  Avenue  and  42d  Street. 
The  intersection  of  Fifth  Avenue  with  42d  Street  is  a  dangerous 
street  crossing  for  pedestrians  aud  a  very  difficult  point  to  pass,  even 
at  ordinary  speed,  for  vehicles.  The  reasons  are  these :  Fifth  Avenue 
If  the  finest  avenue  in  the  city.  It  is  very  long,  is  in  the  center  of 
the  borough,  and  is  liued  with  the  most  costly  dwellings,  hotels,  clubs 
and  business  buildings,  the  occupants  of  nearly  all  of  which  use 
V'-lii'-l-  -  of  various  kinds.  They  are  constantly  passing  up  and  down 
real  highway  and  arc  added  to  by  the  many  others  which  use  this 


7?./JU"/Z?J:2-ii:T:  zu  -  TKSOUSJi  -  4?.=  street- 
•  ON-LINE-  A-B-OB-B'F' 


SOME  STREET  TRAFFIC  PROBLEMS. 


75 


street  as  a  great  thoroughfare  to  go  upon  for  the  whole  leDgth  of  the 
island.  42d  Street  too  is  a  crowded  one.  It  is  a  main  crosstown 
thoroughfare  and  upon  it  is  an  important  street-railway.  It  has  many 
business  buildings  and  hotels  along  it,  and  on  it  is  the  terminal  sta- 
tion of  three  very  important  railway  systems.  Between  42d  Street  and 
56th  Street  there  is  no  street  which  crosses  the  New  York  Central  Bail- 
road  in  such  a  manner  that  heavy  trucks  can  use  it,  so  that  for  half 
this  distance,  or  from  42d  to  49th  Street,  the  crosstown  traffic  is 
diverted  to  42d  Street.  West  of  Fifth  Avenue  too,  41st  street  is  cut 
off  by  the  Public  Library  and  Bryant  Park.  This  also  adds  to  the 
travel  in  42d  Street. 

Thomas  Hastings,  Esq.,  of  the  eminent  firm  of  architects,  Carrere 
and  Hastings,  proposed  the  improvement  here  illustrated  of  an  over- 
head crossing  of  Fifth  Avenue. 

Mr.  Hastings'  idea  is  to  build  a  handsome  bridge  which  will  be  a 
permanent  adornment  of  the  city  and  one  which  will  relieve,  to  some 
extent,  the  monotony  of  long,  straight,  unchanging  street  scenes  like 
that  along  the  Fifth  Avenue  as  is  done  in  cities  abroad  and,  also,  to 
make  the  bridge  a  part  of  the  general  scheme  of  embellishment  of  the 
surroundings  of  the  new  Public  Library.  On  the  practical  side  it  is 
a  solution  of  the  problem  of  the  congestion  of  traffic  at  this  intersec- 
tion. The  very  desirable  achievement  of  the  purpose  to  remove  the 
street-railway  tracks  from  the  surface  of  Fiith  Avenue  is  one  of  the 
chief  gains  made  by  it.  The  rapid  transit  tunnel  is  so  deep  at  this 
point  that  there  will  be  no  interference  with  it  at  all.  It  is  especially 
fortunate  that  the  present  grades  at  this  intersection  permit  the  pro- 
posed treatment.  There  is  no  other  congested  intersection  of  the  city 
where  such  a  scheme  could  be  well  carried  out. 

A  description  of  the  project  is  this:  That  the  surface  of  42d 
Street,  including  the  roadway  and  both  sidewalks,  be  lowered  at 
Fifth  Avenue  about  14  ft.,  and  that  the  surface  of  Fifth  Avenue  at 
42d  Street  be  raised  about  2.8  ft.  The  grade  of  Fifth  Avenue  from 
this  point  will  run  out  to  the  present  grade  at  43d  Street  and  at  41st 
Street.  The  new  grade  north  of  42d  Street  will  be  a  little  steeper 
than  the  grade  is  at  present.  The  proposed  grade  will  be  2.3  percent. 
It  will  be  nearly  the  same  from  the  traffic  point  of  view  as  the  present 
grade.  The  steepest  grade  which  exists  on  Fifth  Avenue  now  is  that 
bet  ween  34th  and  36th  Streets,  where  it  is  a  little  over  3  per  cent.  The 
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change  of  grade  at  Fifth  Avenue  south  of  42d  Street  will  be  au  im- 
provement over  the  present  grade.  The  new  grades  on  42d  Street, 
both  east  and  west  of  Fifth  Avenue,  will  be  uniformly  2%,  and  will 
l>t'  an  improvement  over  the  present  grades,  as  the  summit  now  exist- 
ing at  Fifth  Avenue  will  be  cut  down.  It  is  proposed  to  lower  the 
sidewalks  up  to  the  fronts  of  the  buildings  and  to  change  the  steps 
and  stoops  and  rebuild  the  front  walls  of  the  buildings  so  as  to  con- 
form to  the  new  grade.  In  some  cases  this  will  add  a  story  to  the 
buildings. 

The  bridge  is  to  be  of  steel  and  the  asphalt  roadway  and  the  side- 
walks of  Fifth  Avenue  will  be  carried  over  it  at  the  full  width  that 
they  have  now.  At  the  three  corners  of  the  bridge,  against  the  three 
buildings,  handsome  granite  staircases  will  be  erected.  The  foot  of 
each  of  these  staircases  will  be  25  ft.  east  and  west  of  the  property 
lines  on  the  avenue.  On  the  library  side  of  42d  Street  there  will  be 
no  staircase  near  the  avenue.  The  retaining  wall  of  the  library 
grounds  will  extend  from  the  bridge  westward  about  225  ft.  Here, 
where  the  level  of  the  library  grounds  is  only  6  or  8  ft.  above  the  side- 
walk level,  there  will  be  a  broad  flight  of  steps.  Under  the  bridge  and 
behind  the  granite  abutments  of  it  on  one  side  it  is  proposed  to  have  a 
public  comfort  station,  on  the  other  side  a  news  and  fruit  stand.  In 
the  center  of  the  roadway  of  42d  Street  is  a  row  of  columns  support- 
ing the  center  of  the  bridge,  also  a  row  of  columns  along  each  curb- 
line  of  42d  Street.  The  street  will  pass  under  the  bridge  with  the 
same  width  of  roadway  and  sidewalks  as  at  present.  The  bridge  will 
be  handsomely  ornamented  with  marble  standards  and  bronze  lamps 
and  hronze  railings. 

The  estimate  for  the  work  complete  is  $330  000.    This  includes 
the  retaining  wall  on  the  south  side  of  42d  Street  west  of  the  avenue, 
which  is  part  of  the  wall  around  the  librar}-  grounds  and  which  the 
city  will  have  to  build  whether  this  present  project  is  authorized  or 
not.    Tins  much  is  estimated  at  #20  000.    #100  000  is  allowed  for  re- 
luiihling  the  fronts  of  the  houses  on  -42d  Street  down  to  the  new  street 
•   -  i.  including  the  interior  work  which  will  be  necessary  and  the 
' ■  ■ 1 '  ran ge 1 1 1 e n t  <>f  the  stoop-lines  and  steps  of   the   Fifth  Avenue 
The  water  and  gas  pipes  and  electric  conduits  of  Fifth 
\'  '  line  "ill  he  carried  under  the  abutments  and  under  the  new  sur- 
face ..t  42«1  St  reet. 
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At  the  public  hearing  on  this  proposition  much  opposition  was 
shown  by  the  owners  of  buildings  and  businesses  in  42d  Street,  be- 
cause, according  to  the  plan,  carriages  could  not  drive  from  the 
avenue  directly  into  the  street.  This  difficulty,  however,  could  be 
obviated  by  cutting  a  street  north  and  south  through  the  center  of 
the  block  between  Fifth  and  Sixth  Avenues  from  42d  to  43d  Streets. 
It  wonld  correspond,  on  the  west  side,  to  Madison  Avenue  on  the  east 
side  of  Fifth  Avenue. 

The  design  has  been  wholly  worked  up  by  Carrere  and  Hastings 
and  the  engineering  part  by  the  author. 

Broadway,  Sixth  Avenue  and  34th  Steeet. 

At  the  intersection  of  Broadway,  Sixth  Avenue  and  34th  Street 
three  double  track  street-railway  lines  intersect,  with  a  consequent 
street  car  congestion  in  the  busy  hours  which  is  the  worst  in  the  city. 
It  is  unnecessary  to  describe  fully  the  conditions  existing  here  as  the 
object  of  this  proposed  improvement  is  to  facilitate  the  operation  of 
the  street-railway  only.  It  must  be  taken  into  account,  however,  that 
the  vehicle  traffic,  besides  the  car  traffic,  is  very  heavy. 

This  crossing  is  the  controlling  point  of  the  maximum  number  of 
cars  which  can  be  operated  over  the  three  lines  intersecting  here. 
During  the  rush  hours  nearly  600  cars  an  hour  pass  this  point  on  all 
lines  at  a  speed  of  about  7  miles  an  hour.  More  than  200  cars  an  hour 
pass  on  the  Broadway  line,  less  than  200  on  the  Sixth  Avenue  line,  and 
still  less  on  the  34th  Street  line.  It  is  possible  to  operate  more  cars 
than  this  but  not  with  the  proper  degree  of  safety  to  pedestrians  and 
passengers. 

The  plan  here  shown  is  intended  to  provide  a  tunnel  for  the  Broad- 
way cars  to  pass  through  from  32d  Street  to  35th  Street,  thus  per- 
mitting the  removal  of  the  present  tracks  on  Broadway  between  these 
points.  It  is  designed  to  permit  also  the  construction  of  the  proposed 
rapid  transit  subway  under  Broadway.  This  improvement  would 
leave  only  a  right  angle  crossing  of  the  Sixth  Avenue  and  34th  Street 
lines  on  the  surface  and  wonld  make  the  roadway  crossings  much  less 
dangerous  for  pedestrians  than  they  are  now.  It  would  also  provide 
isles  of  safety  at  the  entrances  and  exits  in  t  he  center  of  the  broad  road- 
way intersections. 

The  plans  show  the  rapid  transit  subway  curving  to  the  west  at 
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32d  Street  and  then  running  along  the  west  side  of  Sixth  Avenue  and 
back  into  the  center  of  Broadway  above  35th  Street.  A  spur  tunnel 
to  the  Pennsylvania  Railroad  terminus  for  shuttle  trains  is  shown  in 
83d  Street.  The  Broadway  line  tunnel  is  at  the  same  grade  as  the 
rapid  transit  tunnel  and  is  to  be  built  at  the  same  time.  This  arrange- 
ment leaves  room  for  the  Pennsylvania  Railroad  tunnel  to  pass  beneath 
both  of  them.  The  Broadway  tracks  also  curve  to  the  west  at  32d 
Street  passing  over  the  rapid  transit  subway  and  into  the  approach  to 
the  tunnel  in  the  triangular  park  in  Greeley  Square,  descending  at  a 
grade  of  about  81%  and  passing  under  this  square  and  Herald  Square 
and  ascending  at  a  grade  of  about  to  the  surface  of  35th  Street  in 
the  triangular  park,  and  then  back  to  the  present  Broadway  tracks  to 
the  north.  These  grades  are  safe,  being  about  that  on  Amsterdam 
Avenue  north  of  Manhattan  Street.  This  plan  affords  opportunity 
for  surface  railway  passengers  to  pass  to  the  subway  railway  cars 
conveniently  on  adjoining  station  platforms. 

The  excavation  would  be  entirely  in  solid  rock.  The  estimate  is 
§200  000.  The  idea  of  removing  the  Broadway  tracks  and  putting 
them  in  a  tunnel  originated  with  the  consulting  electrical  engineer  of 
the  State  Bailroad  Board  and  the  plan  was  made  by  the  author. 

Columbus  Cikcle. 

Another  improvement  is  the  proposed  rearrangement  of  tracks  and 
the  building  of  transfer  platforms  at  Columbus  Circle.  The  conditions 
to-day  at  Columbus  Circle  in  regard  to  the  travel  of  both  vehicles  and 
pedestrians,  are  deplorable.  They  are  dangerous  and  very  inconven- 
ient.' As  the  street-railway  tracks  are  now  laid  across  the  Circle  it  is 
not  possible  to  regulate  traffic  at  all.  A  person  driving  into  the 
Circle,  for  instance,  from  Eighth  Avenue,  with  the  intention  of  enter- 
ing the  park,  must  drive  in  and  out  among  cars  aud  other  vehicles 
going  "every  which  way."  The  danger  aud  inconvenience  maybe 
imagined  as  far  as  the  driver  is  concerned.  Both  conditions,  however, 
are  far  worse  for  a  pedestrian  who  is  compelled  to  cross  this  chaotic 
madwav.  The  conditions  also  are  very  dangerous  for  people  who 
transfer  at  this  poiut.  From  at  least  half  of  the  cars,  such  passengers 
liu  ■  to  ulighl  aud  wait  on  the  roadway  and  there  are  three  important, 
lines  of  double  track  street-railways  intersecting  here,  so  that  the 
uuiulicr  ol  people  transferred  at  this  poiut  is  very  large.    In  order  to 
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remedy  these  defects  and  to  improve  the  appearance  of  the  Circle  and 
the  entrance  to  the  beautiful  park,  the  Municipal  Art  Society  has  pro- 
posed that  the  tracks  be  laid  as  shown  in  the  illustrations  and  that 
transfer  platforms  be  placed  between  the  two  circles  of  tracks.  It  is 
proposed  that  these  transfer  platforms  have  awnings  over  them  in 
order  to  form  a  shelter  from  rain. 

By  these  arrangements  there  are  eight  transfer  platforms  so  that 
a  person  can  transfer  to  any  point  by  stepping  from  a  car  to  the  proper 
transfer  platform  and  waiting  there  for  the  car  to  his  destination. 
Passengers  from  two  cars  on  one  line  can  be  transferred  to  two  cars 
on  another  line  at  the  same  time.  These  platforms  also  provide  isles 
of  safety  between  the  sidewalk  on  the  outside  of  the  Circle  and  the 
sidewalk  around  the  monument  at  the  center,  which  can  be  used  as  a 
refuge  for  pedestrians.  With  the  tracks  placed  as  proposed,  the  cars 
will  follow  around  the  Circle  in  one  direction,  so  that  the  street  traffic 
of  vehicles  can  be  made  uniform  and  all  of  the  vehicles  upon  entering 
the  Circle  will  turn  to  the  right  and  continue  to  the  right  until  they 
leave  it. 

The  Municipal  Art  Society  which  presents  this  plan,  proposes  that 
some  time  in  the  future  and  not  as  a  part  of  the  present  plan,  the 
Columbus  Monument  be  raised  so  that  it  will  stand  on  top  of  a  hand- 
some Grecian  colonnade  which  may  be  used  as  a  rostrum  for  public 
speakers  or  for  a  band  stand,  and  that  underneath  this  colonnade  a 
public  comfort  station  be  placed.  When  this  is  done  the  center  part 
of  the  roadway,  almost  out  to  the  inner  circular  track,  can  be  used  for 
people  to  stand  upon  while  listening  to  the  band  or  the  speaker. 

The  cost  of  the  improvement,  exclusive  of  the  work  under  the 
monument,  including  the  building  of  the  new  lines  through  60th 
Street  and  through  58th  Street  and  the  removal  of  the  tracks  from 
Broadway,  between  58th  and  60th  Streets,  is  estimated  at  about  $50  000. 

Isles  of  Safety. 

An  illustration  of  the  isle  of  safety  erected  by  the  Municipal  Art 
Society  at  Fifth  AAe^ue  and  23d  Street  is  shown  as  a  means  of  pro- 
viding safety  for  pedestrians  at  dangerous  roadway  crossings.  A 
proposed  design  of  another  is  also  shown. 


There  was  no  discussion  of  this  paper. 
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Through  a  misunderstanding,  which  no  doubt  was  my  fault,  I  find 
myself  called  upou  to  discuss  a  subject  to  which  1  have  no  intention 
of  referring  in  the  remotest  degree.  The  subject  which  I  shall  have 
the  pleasure  of  discussing  is  "  The  Problem  cf  the  Maintenance  of 
Asphalt  Pavements  in  the  City."  This  has  been  somewhat  ciowded 
upon  my  attention  of  late  by  the  request  of  the  Commissioner  of  Public 
Works  of  Manhattan  to  investigate  it  for  him  and  the  results  of  that 
investigation  digested  and  summarized  are  the  only  paper  I  shall  be 
able  to  give. 

The  condition  of  the  streets  of  New  York  has  been  a'scaudal  and  a 
reproach  for  years.  I  believe  that  a  speaker  on  this  occasion  is  ready 
to  say  what  he  pleases  without  embarrassing  the  Society  in  any  decree 
in  the  matter  of  endorsing  his  views.  It  has  been  especially  so  since 
the  cobblestones  and  Belgian  blocks  of  the  earlier  period  of  municipal 
development  gave  place, first,  to  wood  and  then  to  the  asphalt,  which,  per 

of  all  surfaces  best  meets  the  requirements  of  the  modern  city.  It 
■  ever,  the  form  of  pavement  which  least  accommodates  itself  to  the 
constant  excavation  necessary  to  give  access  to  subterranean  pipes, 
ducts,  s.  wers,  house  drains,  service  pipes  and  wires.  No  sooner  is  a 
street  made  smooth  and  beautiful  with  this  elastic  and  tenacious 
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surface  than  the  necessity  arises  for  piercing  it  here  and  there,  and 
often  trenching  it  longitudinally  and  transversely,  until  it  is  seamed 
and  scarred  in  every  direction.  Bad  as  are  the  conditions  due  to  this 
constant  street  excavation,  those  which  would  arise  from  the  refusal 
of  the  municipal  authorities  to  allow  it  would  be  incomparably  worse. 
Neglected  gas  and  water  leakage,  the  congestion  of  sewers,  street  and 
house  explosions  and  the  restriction  of  electrical  communication, 
would  make  New  York  uninhabitable,  not  merely  in  a  figurative  sense, 
but  literally.  The  average  citizen  sees  but  one  side  of  this  question. 
He  knows  little  of  what  is  going  on  underground,  but  is  profoundly 
concerned  with  the  constant  street  obstructions  from  which  he  suffers, 
deplores  the  apparent  unthrift  of  the  municipal  administration  in  pro- 
viding excellent  and  costly  pavements  only  to  permit  them  to  be 
quickly  and  utterly  destroyed,  and  is  incensed  at  the  apparent  negli- 
gence which  characterizes  the  action  of  those  who  should  hasten  to 
repair  the  ruthless  damage  thus  inflicted  upon  the  most  valuable  of 
jmblic  assets — our  streets  and  avenues. 

Some  of  the  causes  are  very  obvious  and  well  known;  others  perhaps 
less  so.  One  of  these  interested  me  especially  and  has  reference  to  the 
action  of  gas  upon  the  under  side  of  asphalt  pavements,  destroying  the 
binder  and  ruining  the  wearing  surface.  About  two  years  ago,  I  had 
occasion  to  determine  experimentally  in  Brooklyn  whether  gas  is  found 
under  asphalt  and  how  it  acts  in  that  position.  The  question  at  issue 
was  whether  the  company  which  laid  the  asphalt  was  responsible  for 
the  deterioration  of  the  pavement  in  spots  and  should  be  required  to 
mend  such  spots  under  their  maintenance  contract.  Its  officers  claimed 
that  the  pavements  had  been  laid  in  large  sections  from  material  of  uni- 
form quality  and  under  uniform  conditions.  The  wear  was  measurably 
equal  along  any  given  street,  and  if  the  pavement  failed  by  reason  of  de- 
fects in  the  material  or  laying,  it  should  have  failed  all  over  and  not  in 
sharply  defined  spots  in  what  seemed  an  arbitrary  distribution.  In  a 
dozen  or  more  avenues  and  streets  examined  the  areas  of  local  deteriora- 
tion had  characteristics  in  common.  Their  superficial  indications  were 
bowl-shaped  depressions  marked  by  parallel  striations.  In  a  large 
number  of  typical  depressions  of  this  character — more  than  ahundred 
in  all — in  neighborhoods  separated  by  considerable  distances,  holes 
were  cut  through  the  wearing  surface  with  suitable  tools,  and  in  every 
instance  the  binder  was  found  to  be  spongy,  rotten  and,  in  many 
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instances,  semi-thud.  Twelve  to  twenty-four  inches  away  in  any 
direction  the  binder  was  usually  as  solid  and  tough  as  when  laid. 
Whenever  we  found  in  these  streets  that  were  examined  one  of  these 
bowl-shaped  hollows,  a  bar  was  driven  after  the  ciude  method  of 
sounding  for  gas  in  soil  supposed  to  contain  it.  In  those  bar  holes 
we  found  in  every  case  gas  in  very  large  and  very  dangerous  quantities. 
The  first  test  made  of  the  bar  hole  was  to  apply  a  match  and  we  got  a 
very  sharp  tonation.  YVhen  that  had  passed  we  could  then  mam- 
tain  a  flame  from  6  to  12  ins.  high  burning  continuously  until 
extinguished.  Before  this  firing  was  tried,  I  took  a  reading  of  the  air 
in  these  holes  to  determine  the  presence  of  gas  and  the  quantity  pres- 
ent by  a  rather  delicate  color  test,  which  gives,  I  think,  invaluable 
results.  I  have  some  of  these  results  with  me  and  they  are  sufficiently 
visible  to  be  seen  without  passing  them  around.  If  explained  to  you 
what  they  are,  I  think  the  eye  will  give  you  a  clear  indication  of  the 
results.  These  slips  represent  the  test  made  for  gas  in  bar  holes. 
They  are  taken  as  the  A  and  Z  of  the  scale.  The  other  slips  on  both 
sides  of  the  page  represent  the  quantities  of  gas  found  and  the  pro- 
portions in  those  bar  holes  may  be  judged  by  comparing  the  color  of 
these  slips  with  the  blacker  stain  on  the  standard  or  test  slip  at  the 
head  of  the  page.  There  were  no  omissions  in  making  these  records. 
Thus,  no  negative  results  were  omitted.  They  were  given  just  as  they 
occurred.  I  have  on  this  test  record  a  number  of  additional  slips  of 
further  tests  made  in  Brooklyn.  These  stains  on  the  paper  in  white 
represent  the  quantities  of  gas,  ranging  from,  1  should  say,  10  to  20%, 
or  possibly  20  to  30  per  cent.  The  color  scale  is  a  delicate  one  to  deter- 
mine, but  in  every  ease  in  these  bar  holes  the  gas  was  found  in  rank 
quantities.  The  holes  were  then  excavated,  men  were  set  to  work  to 
dig  down,  and  in  every  instance  was  found  a  bad  leak  either  in  the  main 
under  it  or  in  the  service  pipe  leading  from  the  main.  The  gas 
Leaking  from  the  main  or  service  pipe  had  worked  its  way  up  through 
the  soil  until  it  stmck  the  binder  of  the  under  side  of  the  asphalt.  It 
carried  with  it  the  solvents  which  makes  the  water  gas  of  Biooklyu 
lion- luminous  and  w  hich  ai  every  high  solvents  in  bituminous  material. 
Thi  e  had  acted  Upon  this  asphalt,  converting  it  into  a  consistency 
-oiii-  thiim  like  warm  molasses  candy —very  sticky — and  without  any 
value  tor  the  purpose  for  which  it  was  employed.    '1  he  weight  of  the 

wheels  on  the  surf  ace,  which  was  nut  materially  affected  by  this  gas 
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action,  had  depressed  the  wearing  surface  by  squeezing  the  soft  and 
plastic  binder  out  of  position  and  allowing  the  depression  to  get  grad- 
ually deeper  and  deeper  until  the  hole  responded,  which  would  have 
destroyed  utterly  the  pavement  in  that  section.  We  found  also  in  bar 
holes  put  down  outside  of  these  areas  pronounced  depressions.  Where 
these  bowl-shaped  depressions  occurred,  we  found,  very  singularly, 
the  same  quantity  of  gas,  and  that  was  a  puzzle  for  a  time,  and  then 
it  was  shown  very  clearly  why  it  was  so.  Non-luminous  water  gas  has 
no  action  whatever  on  asphalt,  but  what  dees  is  the  added  naphtha 
vapor  of  the  carburetting  process  which  is  used  to  make  water  gas 
luminous.  When  the  hydro-carbon  enrichments  are  exhausted,  the 
gas  might  go  five  miles  under  the  asphalt  and  do  no  further  harm. 
Consequently,  we  find  in  cellars  and  in  sewers  nearly  as  high  percent- 
ages of  dangerous  gas  as  we  find  under  these  rotten  spaces  in  the 
asphalt  pavements,  but  we  do  not  find  in  them  any  solvents  of  asphalt. 
Those  seem  to  dissolve  themselves  immediately  over  it.  This  depres- 
sion is  going  on  all  over  the  country  and  it  is  an  extremely  serious 
problem.  It  is  one  that  has  never  been  thoroughly  investigated  or 
dealt  with,  and  in  the  case  of  Brooklyn  the  trouble  was  that  the  asphalt 
contractors  did  not  care  to  bother  with  them  any  further  and  the  city 
repaired  the  pavement,  relieving  the  responsibility  of  the  Gas  Com- 
pany. There  may  have  been  a  reason  for  this  but  it  certainly  was  not 
good  policy,  I  think,  in  view  of  the  great  cost  entailed  by  the  city  in 
repairing  the  damage  which  the  Gas  Company  was  responsible  for. 

There  is  another  source  of  injury  which  is  going  on  constantly  and 
rapidly,  and  for  which  the  persons  who  lay  asphalt  pavements  are  not 
responsible,  and  that  is  holes  in  the  asphalt  due  to  the  presence  of 
manhole  covers  in  the  streets.  Iron  covers  rarely  begin,  and  still 
more  rarely  long  remain,  level  with  the  sheet  surface.  Naturally, 
they  wear  less  rapidly  than  the  asphalt.  A  wheel  striking  one  of 
them  jumps,  passes  over  it  and  then  drops  off,  with  the  result  that  in 
a  very  short  time  a  hole  is  pounded  out  on  both  sides,  which  makes  a 
dust  pocket  in  dry  weather  and  a  mud  hole  in  wet.  The  wear  around 
a  manhole  is  usually  very  much  greater  than  in  any  other  portion  of 
the  street.  That  is  also  a  reason  for  which  the  asphalt  company  is  in 
no  degree  responsible.  It  is  going  on  all  over  the  city,  however,  and 
accounts,  in  a  large  degree,  for  the  unsatisfactory  character  of  the 
asphalt  pavements  in  many  streets. 
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Of  the  street  openings  which  are  made  for  corporate  purposes,  the 
facts  are  so  well  known  as  to  call  for  very  brief  comment.  The  statis- 
tics have  been  published  repeatedly  and  are  very  staitling,  running 
very  high  into  the  thousands  of  opening?,  but  the  terms  "  necessary  ' 
and  "  unavoidable,"  as  applied  to  street  openings,  are  in  a  sense  mis- 
nomers. As  here  used,  they  mean  openings  which,  with  our  present 
crude  system  of  running  pipes  and  ducts  underground  wherever  10c  m 
can  be  found  for  them,  covering  them  in  and  leaving  them  exposed  to 
the  destructive  influences  of  soil  contact,  frost  penetration,  expansion 
and  contraction,  jar,  shock  and  vibration,  cannot  be  avoided.  New 
York  can  never  rank  as  a  city  of  the  first  class  as  long  as  this  relic 
of  a  crude  and  imperfectly  developed  civilization  is  permitted  to 
exist.  You  may  recall,  perhaps,  the  exceedingly  humorous  remark 
of  an  old  lady  on  a  bridge,  saying:  "Is  this  Broadway?"  "  Yes, 
Ma'am."  "Well,  where  are  they  taking  it  ?"  That  excavation,  with- 
out any  more  interruption,  would  have  given  us  pipe  galleries  and  left 
the  streets  free  from  any  thereafter. 

But,  however  desirable,  pipe  galleries  are  improvements  for  which 
we  must  look  to  the  indefinite  future.  Whatever  beginnings  are  made 
in  connection  with  subway  extensions  now  in  hand  in  Manhattan  and 
Brooklyn,  it  will  necessarily  be  a  long  time  before  all  the  important 
streets  and  avenues  can  be  thus  provided,  so  it  can  be  said  of  any  one 
of  them,  as  the  City  Engineer  of  Nottingham,  England,  said  of  Vic- 
toria Street  in  that  city — its  busiest  thoroughfare,  in  which  is  situated 
the  General  Post  Office:  "There  are,  besides  the  gas  and  water  pipes 
and  connections,  no  less  than  six  pipes  containing  telegraph  wires  in 
this  subway,  and  not  one  stone  was  disturbed  in  this  carriageway  for 
twenty-five  years,  and  in  that  time  not  one  single  penny  was  spent  on 
repairs  in  this  street."  Think  of  an  important  street  in  New  York 
which  Deeded  DO  repairs  in  twenty-five  years,  which  remained  undis- 
turbed by  intrusive  excavation  dining  that  time,  and  in  which  not  a 
stone  or  its  equivalent  was  lifted  by  the  day -laborer's  pick  !  W  in  n 
this,  <>r  anything  like  it,  can  be  said  of  the  streets  of  New  York,  it 
will  have  attained  the  dignity  of  a  city  of  the  first  class.  We  thus  see 
from  this  Knglish  experience  how  universal  experience  of  this  kind 
i  .  Speaking  <>f  the  universal  experience,  in  fact,  any  one  who  has 
ever  rea»l  the  i  xceedingly  fascinating  story  of  the  report  of  Fre  ntinus, 
a  water  engineer  of  renown  in  the  first  century,  will  see  that  his  ex- 
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periences  were  identical  with  the  modern  water- works  engineer. 
Eighteen  centuries  does  not  seem  to  have  changed  human  nature  in 
the  slightest  degree. 

Corporations  occupying  streets  under  franchises  receive  permits  to 
break  pavements  on  the  express  stipulation  that  they  shall  repair  the 
damage  done  by  them  and  return  the  pavement  to  the  condition  it  was 
in  before  their  work  was  done.  This  is  a  contract  obligation  in  which 
specific  performance  "  is  impossible.  Mr.  A.  Brown,  Borough  En- 
gineer of  Nottingham,  England,  describes  in  his  city  conditions  so 
closely  approximating  those  existing  in  New  York  that  a  quotation 
from  him  will  have  more  interest,  and  perhaps  accomplish  a  better 
purpose  in  showing  the  universality  of  what  we  have  regarded  as  a 
local  grievance,  than  an  original  statement  of  similar  facts: 

"  There  are  now  (under  the  streets)  the  main  sewers,  gas  and  water 
pipes,  with  their  innumerable  branches,  telegraph  and  telephone 
wires,  and  in  the  larger  and  more  important  streets,  pipes  for  carrying 
hydraulic  power  and  compressed  air,  pipes  and  conduits  for  electric 
light  cables,  conduits  for  cable  tramways  for  electric  tramways;  and 
if  the  lead  of  our  American  friends  is  followed  we  shall  have  to  add 
another  jupe  for  carrying  steam  for  power  and  for  heating  purposes. 
*  *  *  Considerable  difficulty  is  experienced  in  dealing  with  this 
complex  system;  the  surface  of  the  roads  is  cut  into,  almost  over  its 
whole  surface,  for  the  pu^ose  of  laying  and  replacing  from  time  to 
time  the  various  pipes  referred  to,  and  the  borough  engineer  is  expected 
to  maintain  the  surface  in  a  good  condition  after  the  operations  of  vari- 
ous people  who  disturb  the  paving,  and  who  have  very  little  interest 
in  relaying  or  maintaining  it  satisfactorily.  It  does  seem  to  be  some- 
what of  a  blot  on  our  boasted  civilization  that  when  a  pipe  has  to  be 
taken  up,  in  a  busy  and  crowded  thoroughfare,  the  system  usually 
adopted  is  to  tear  open  the  street,  whatever  the  class  of  pavement  may 
be,  lay  in  the  pipes  and  then  4  make  good  '  the  surface.  Those  two 
words— make  good — cover  a  lot  of  ground,  but  are  somewhat  mislead- 
ing; it  is  as  much  an  engineering  impossibility  to  immediately  restore 
the  paving  over  a  newly-filled-up  trench  to  it  its  original  condition 
as  it  is  to  heal  a  serious  wound  on  a  human  body  without  leaving  a 
scar." 

One  of  the  difficulties  in  "  making  good  !'  is  the  purely  physical  one 
that  it  is  almost  impossible  to  replace  in  a  hole  in  the  ground  what 
has  come  out  of  it.  Nature  packs  earth  better  than  man  can  do  it, 
and  time  is  an  essential  element  in  solidification.  When  all  has 
been  replaced  which  can  be  accomplished  by  wetting,  pounding  and 
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tamping,  something  remains  which  will  not  go  back,  and  which  has 
to  be  carted  away  or  scattered.  The  result  is  a  looser  back-fill  than 
the  body  of  the  soil  in  which  it  is  made.  The  loose  column  of  earth 
(gradually  settles  by  natural  readjustment  and  the  asphalt  or  other 
pavement  over  it  is  less  adequately  supported  than  that  on 
either  side  of  it.  Thus,  with  no  purpose  of  neglect  on  the  part 
of  the  company  obligated  to  "make  good,"  the  best  repairing  which 
can  be  made  does  not  make  good  the  damage  done  by  excavation, 
and  subsequent  mending  devolves  upon  somebody,  if  the  street  is  to 
remain  smooth,  level  and  free  from  sinkholes.  The  condition  of  a 
permit  to  cut  a  street,  that  the  company  receiving  it  shall  not  only 
have  all  the  pavement  taken  up  restored  in  a  "first-class  manner," 
but  shall  maintain  it  in  that  condition  for  two  years,  does  not  really 
meet  the  difficulty,  and  cannot.  In  a  pavement  punched  as  full  of 
holes  as  a  kitchen  colander,  it  is  impossible  to  accurately  apportion 
responsibility  where  it  belongs,  or  to  enforce  a  requirement  when 
grounds  for  a  reasonable  doubt  exist  as  to  who  should  be  looked  to  to 
correct  deterioration.  In  the  winter  of  1900  the  writer  saw  from  the 
windows  of  the  house  he  occupied  in  one  of  the  uptown  streets  of 
New  York  thirty-eight  openings  made  between  January  loth  and 
March  30th  within  a  distance  of  200  ft.  Each  of  these  openings  was 
large  enough  to  admit  two  men.  In  some  instances  their  boundaries 
overlapped.  The  result  was  that  notwithstanding  the  constant  patch- 
ing of  the  asphalt  the  street  surface  was  practically  destroyed  before 
spring.  The  work  of  restoration  was  not  apparently  "scamped,"  but 
much  oi  it  was  done  perfunctorily  and  with  any  material  the  company 
doing  it  had  convenient.  The  average  delay  in  mending  one  of  these 
holes  in  the  pavements  was  about  fifteen  days,  but  some  of  them 
remained  patched  with  stone  paving  blocks  all  winter.  In  front  of 
my  present  residence  there  were  for  some  months  two  holes  in  the 
asphalt  pavement,  one  about  4  by  8  ft.  and  the  other  about  5  by  5  ft., 
filled  in  with  loose  planks,  which  are  occasionally  thrown  out  of 
] m.s it  ion  by  the  wheels  of  passing  vehicles,  and  are  sometimes  stolen 
bj  the  boys  for  purposes  of  their  own.  They  remained  in  this  un- 
sighth  and  dangerous  condition  until  the  repair  gang  came.  The 
1  "I'  «•■!•<■  not  more  than  l'J  ft.  apart,  but  only  one  of  them  was 
up  ml.  'I.  The  other  remains  in  its  original  condition,  doubtless  be- 
run-r  it  was  not  t  ut  by  the  same  people  or  for  the  same  purpose  as 
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the  one  which  was  ultimately  repaired.  Consequently  the  repair 
gang  and  road  roller  summoned  for  the  one  passed  by  the  other.  No 
doubt  they  were  warranted  in  doing  so,  but  it  would  have  better 
served  the  public  interest  and  avoided  an  expensive  duplication  of 
effort  if  both  holes  cold  have  been  mended  at  one  and  the  same  time. 
The  case  is  mentioned  because  typical.  The  duty  of  "  making  good  " 
in  these  instances  has  been  sadly  neglected. 

The  General  Repair  Contract  may  or  may  not  be  a  success.  It 
imposes  what  would  appear  to  be  impossible  conditions  upon  the 
company  which  took  it.  It  is  required  to  repair  defective  asphalt 
pavements  wherever  found  in  streets  not  covered  by  an  unexpired 
maintenance  contract,  and  maintain  them  in  good  condition  for  one 
year.  The  area  of  asphalt  pavement  in  Manhattan  which  has  become 
a  public  charge  through  the  expiration  of  the  maintenance  obliga- 
tions embodied  in  the  original  contract  is  at  present  228  445  sq.  yds. 
This  area  is  constantly  increasing.  Much  of  it,  through  imperfect 
repairing,  reverts  to  the  city  in  rather  poor  condition  and  the  amount 
of  work  demanded  to  put  and  keep  it  in  good  condition  is  consider- 
able. Frankly,  I  find  it  impossible  to  feel  any  confidence  in  the  suc- 
cess of  the  experiment  of  the  General  Repair  Contract,  looking  at 
the  probable  results  from  the  point  of  view  of  the  public  interest. 

The  result  of  my  investigation  leads  me  to  the  conclusion  that  the 
solution  of  this  problem,  i.  e.,  so  far  as  Manhattan  is  concerned,  is  in 
the  establishment  of  a  Municipal  Repair  Plant,  which  shall  take 
charge  of  this  work  and  do  it  when  and  as  it  needs  to  be  done,  with 
the  responsibility  of  the  officers  in  charge  of  the  Department  as  a 
guarantee.  The. Borough  President,  in  looking  at  this  matter  from 
his  point  of  view,  desired  to  be  informed  on  certain  points  in  his 
mind.  The  first  was,  whether  it  was  true  that  the  mixing  and  applica- 
tion of  asphalt  were  trade  secrets,  only  known  to  and  jealously 
guarded  by  those  in  the  business,  and  as  to  whether  the  machinery 
and  sources  of  supply  were  controlled  by  them.  An  investigation 
showed  that  the  business  was  as  wide  open  as  that  of  making  bread. 
There  are  no  patents  owned  by  the  asphalt  paving  companies  on  the 
machinery  and  tools.  The  sources  of  asphalt  are  as  wide  open  as  any 
other  material  of  large  consumption;  especially  since  the  consolida- 
tion of  asphalt  companies  into  a  trust.    They  are  looking  for  oppor- 
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t unities  to  be  engaged  and  the  city  can  have  them  under  very 
advantageous  conditions. 

Assuming  that  the  city  finds  the  present  method  as  unsatisfactory 
as  experience  has  shown  it  to  he,  the  question  of  the  organization  re- 
quired to  permit  this  work  to  be  done  to  advantage  in  the  borough  of 
Manhattan  has  had  some  attention.  For  this  borough  it  would  not 
be  advantageous  to  have  a  single  repair  plant.  The  mileage  of  streets 
to  be  taken  care  of  is  too  great  and  the  distances  to  be  traversed  too 
considerable.  Eoad  rollers  are  uncomfortable  vehicles  to  move  for 
long  distances;  they  travel  slowly  and  are  not  working  to  the  best 
advantage  when  used  as  locomotives.  As  it  appears  to  me,  there 
should  be  at  least  one  station  outfit  for  work  below  Canal  Street;  one 
for  the  section  between  Canal  and  14th  Streets;  one  for  the  West  Side 
from  14th  to  59th  Streets;  one  for  the  East  Side  between  the  same 
north  and  south  divisions;  one  for  the  section  west  of  Central  Park; 
one  for  the  section  east  of  Central  Park,  and  one  for  the  section  above 
110th  Street.  This  would  make  seven  stations  in  all.  In  addition  there 
would  need  to  be  a  central  station  for  the  preparation  and  distribution 
of  material.  Experience  might  show  that  more  than  one  central 
station  is  needed,  but  they  could  be  multiplied  as  might  be  found 
necessary. 

The  central  station  should  be  located  on  the  river  front,  for  econ- 
omy and  convenience  in  receiving  deliveries  of  materials.  Its  location 
might  b3  on  either  river  between  34th  and  59th  Streets.  For  a  cen- 
tral station  the  following  plant  would  probably  be  necessary: 


1  mixer  for  surface  material  , 

  $2,500 

1  mixer  for  binder  material  I 

Boiler,  30  H. -P.  engine,  accessories-  and  fittings  . .  2,500 

Melting  tanks,  12  to  15  tons  each   2,000 

Dryer   6,000 

HI  wagons,  of  approved  pattern   2,000 

26  horses,  with  harness   6,250 

Tools   1,000 

other   equipment,    not    provided    for,  printed 

blanks,  etc   5,000 


Totel   $27,250 

Or,  say   30,000 
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The  plant  for  each  Section  Station  would  be,  approximately: 

1  steam  road  roller,  5  to  7  tons   82,000 

Small  tools   500 

Total   82,500 

For  seven  stations   $17,500 

Total  cost  of  equipment,  about   44,750 

Or,  say   50,000 

This  will  not  include  land  or  buildings. 

On  this  basis  the  annual  fixed  charges  would  be: 

Interest  at  5  per  cent   82,500 

Superintendent   3,000 

Assistant  Superintendent   1,800 

Foreman  of  Central  Station   1,200 

Foreman  of  Section  Stations  (7)    8,400 

Total   816,900 


With  such  an  equipment  the  cost  of  repair  materials  should  be 
approximately  as  follows: 

Per  sq.  yd. 
of  pavement. 

Asphalt  cement   30c. 

Sand,  stone,  oil,  etc   15c. 

Mixing,  carting  and  laying   35c. 

Total  for  asphalt  pavement  laid  . . .  80c.  per  sq.  yd. 

All  old  material  taken  up  in  repairing  pavements  could  be  taken 
back  by  the  carts  to  the  Central  Station.  It  would  be  useful  in  con- 
nection with  new  material,  and  might  all  be  relaid  if  properly  treated. 
Old  material  is  now  the  perquisite  of  the  contractor.  The  utilization 
of  old  material  might  reduce  the  cost  of  repairs,  including  binder,  to 
50  cents  per  square  yard.  The  economy  by  unit  of  measurement  will 
appear  from  a  comparison  of  this  figure  with  that  which  is  the  basis 
of  the  general  repair  contract. 

If  the  work  was  done  by  the  city  and  under  capable  management, 
it  should  be  possible  to  maintain  an  honest  asphalt  pavement  in  ])erfect 
repair  for  a  period  cf  fifteen  to  twenty  years  at  an  average  cost  not 
exceeding  2  cents  per  square  yard  per  annum. 
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From  a  careful  study  of  the  problem,  and  with  some  knowledge  of 
the  kinds  of  pavements  for  which  the  city  has  paid  full  prices  and 
something  more,  I  do  not  think  that  the  seven  Section  Stations  are  too 
many.  When  necessary,  the  movable  plant  and  working  force  of  one 
section  might  be  shifted  to  another  where  it  was  more  needed.  The 
<»nlv  skilled  labor  required  is  that  specified.  The  other  labor  would 
be  the  cheapest  the  city  could  employ.  Over  and  above  anything 
which  can  be  secured  by  contract,  I  am  of  the  opinion  that  the  saving 
to  the  city  from  making  its  own  repairs  would  be  at  least  33 ]  per  cent. 
As  before  stated,  however,  I  consider  the  greatest  economy  possible 
in  first  cost  of  repairs  negligible  in  comparison  with  the  promptness 
and  thoroughness  with  which  they  would  be  made  and  the  condition 
in  which  streets  could  be  maintained.  The  injury  resulting  from  one 
neglected  hole  in  an  important  thoroughfare  is  of  more  consequence 
than  the  greatest  cost  of  mending  two  holes  as  soon  as  repairs  are 
needed. 

I  estimate  that  .8100  000  would  establish  and  equip  a  Central  Station 
and  seven  Section  Stations  as  described,  and  meet  all  the  costs  of  ope- 
ration for  one  year.  It  would  be  entirely  proper  to  establish  such  a  scale 
of  charges  for  street  opening  permits  as  would  represent  the  cost  under 
the  present  system  of  replacing  the  pavements  impaired  or  destroyed. 
Such  payment  would  relieve  the  individual  or  corporation  receiving 
the  permit  of  any  responsibility  in  connection  with  M  making  good." 
In  the  case  of  corporations  in  a  position  to  give  an  adequate  bond 
to  the  city  to  cover  the  cost  of  pavement  replacement,  an  agreement 
might  be  made  on  the  basis  of  a  uniform  charge  per  square  yard  forcon- 
crete,  binder  and  wearing  surface,  payable  on  demand  when  the  work  is 
done.  All  that  would  remain  a  public  charge  under  this  system  would 
be  the  correction  of  legitimate  wear  and  tear.  I  am  not  in  a  position  to 
estimate  the  cost  of  this  on  the  basis  of  a  general  average,  tor  the 
iviiMin  that  some  of  t  he  pavements  are  fairly  good,  while  others  are  ex- 
tremely bad;  but  I  am  of  the  opinion  that  if  the  work  rendered  ueces- 
-ar\  \t\  corporate  intrusions  was  eharged  for  at  the  prices  now  paid 
the  nsphalt  paving  companies,  the  charges  devolving  upon  the  borough 
\\<"il<l  l»e  very  small.  Indeed,  with  honest  management  ami  good 
financing,  th.'  system  might  be  self-sustaining,  in  addition  to  keeping 
th.-  -tn-ets  in  much  better  conditiou  than  they  are  now  or  ever  have 
b.-.-n  under  maintenance  contracts.    When  repairs  become  a  municipal 
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responsibility  it  is  fair  to  assume  that  corporations  going  or  permitting 
to  be  done  that  which  causes  damage  or  deterioration  to  asphalt  pave- 
ments will  be  held  much  more  strictly  and  intelligently  accountable 
than  now.  For  example,  if  the  presence  of  a  manhole  cover  caused 
the  asphalt  to  be  cut  out  on  one  or  both  sides  of  it,  the  company  own- 
ing such  manhole  would  be  held  responsible  for  such  repairs  as.  in 
the  judgment  of  the  Inspectors  of  the  Department  of  Public  Works, 
approved  by  the  Commissioner,  it  makes  necessary.  This  would  in- 
sure repayment  for  a  great  deal  of  the  expense  incurred  by  the  borough 
in  general  street  repairs.  If  a  spot  of  local  deterioration  is  found 
which  is  shown  to  be  due  to  a  gas  leak  under  it,  the  gas  company  will 
be  held  responsible  for  such  deterioration,  required  to  correct  the 
leak  forthwith,  and  pay  the  resulting  costs  for  pavement  repairs.  This 
would  be  no  hardship.  It  would  be  nothing  more  than  a  proper  asser- 
tion of  the  "public  right  in  the  protection  or  replacement  of  public 
property.  As  it  is,  corporate  damage  to  asphalt  pavements  is  accepted 
as  a  matter  of  course,  and  if  the  companies  patch  the  holes  they  actually 
make  with  pick  and  spade,  it  is  about  all  that  is  now  expected  of 
them. 

Under  the  plan  of  organization  outlined,  the  material  of  prescribed 
quality  would  be  delivered  at  the  central  plant,  and,  after  melting  and 
mixing,  loaded  into  wagons  for  distribution,  all  under  the  direction 
of  the  Superintendent,  who  should  be  an  expert.  Cartage  for  five  or 
six  miles  is  practicable.  The  outfits  of  the  Section  Stations  would  be 
in  use  all  the  time,  moving  up  one  street  and  down  another,  preceded 
by  gangs  of  laborers  to  pick  out  defective  places  and  prepare  them 
for  mending,  and  followed  by  wagons  to  take  up  the  old  material.  In 
this  way  the  largest  section  of  the  Borough  Subdivision  could  be  gone 
completely  over  once  every  thirty  days,  or  oftener,  and  the  asphalt 
pavements  kept  in  the  most  perfect  condition  possible,  considering  the 
number  of  permits  necessarily  issued  for  street  excavations.  Emer- 
gency repairs  could  be  made  from  day  to  day,  and  only  the  results  of 
legitimate  wear  be  left  for  routine  attention.  The  most  economical 
way  to  keep  the  streets  of  a  city  in  good  condition  is  to  repair  them 
immediately  when  needed.  This  never  has  been  done,  and  never  will 
be  done  under  any  contract  system  which  human  ingenuity  can 
devise. 

I  am  of  the  opinion  that  the  ideal  form  of  Central  Plant  would  not 
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be  a  building  on  a  lot  of  ground  on  the  river  front,  but  a  barge  of 
adequate  proportions,  which  would  receive  its  material  more  cheaply 
and  deliver  it  on  the  piers.  I  believe  that  the  interest  on  such  a  float- 
ing plant  would  be  less  than  the  cost  of  ground  and  interest  on  the 
land  required. 


DISCUSSION. 


Me.  Olxet. — I  am  unable  to  properly  discuss  the  paper  of  Dr. 
Bayles  without  preparation,  as  it  came  unexpectedly  upon  me.  The 
question  regarding  a  municipal  plant  was  discussed  in  our  Depart- 
ment by  the  President,  by  the  Commissioner  of  Public  Works  and  my- 
self. I  was  opposed  to  it  for  the  reason  I  thought  it  more  expensive 
for  the  city  to  lay  asphalt  pavement  than  it  was  for  a  contractor,  inas- 
much as  the  asphalt  pavement  that  we  have  laid  during  the  past  year 
has  in  some  instances  been  laid  for  a  price  of  81.15  complete,  the 
wearing  surface,  binder  and  the  stone  blocks  relaid,  and  if  we  could 
establish  a  municipal  plant  and  put  on  a  force  of  men  such  as  would 
naturally  be  employed  by  the  city,  or  such  as  we  have  now  employed 
by  the  city,  that  pavement  would  cost  the  city  $4  per  sq.  yd. :  and  the 
asphalt  companies  now  doing  such  repaving  guarantee  the  pavement 
for  rive  years.  Under  the  repair  contract  which  we  have  this  year 
we  have  made  our  repairs  calling  for  wearing  surface  and  binder  for 
SI. 52  per  sq.  yd.,  and  for  wearing  surface  alone  45  cents  per  sq.  yd., 
and  I  doubt  if  we  could  expect  that  any  of  our  street  gangs  could 
make  the  necessary  repairs  at  any  such  price  as  that.  I  have  been 
watching  a  piece  of  pavement — stone  block  pavement — being  repaired 
by  a  gang  of  street  men.  Last  week  they  laid  a  piece  30  ft.  wide  by 
18;  four  men  engaged  the  whole  week.  Foreman,  84  a  day,  and  labor- 
ers, 82  a  day.  while  under  contract  we  get  granite  block  pavement 
relaid  complete  for  82.50  per  sq.  yd.  That  same  gang  is  working 
now— commenced  on  Monday  and  still  working— on  the  opposite  side 
of  this  street  and  already  completed,  in  three  days,  just  about  half 
that  area.  Three  pavers  and  one  foreman.  This  matter  has  been  dis- 
cussed very  frequently  in  the  office  with  the  Commissioner  and  myself. 
He  has  been  very  anxious  to  have  this  municipal  plant  created  for 
repaving  and  repairs,  and  I  rather  opposed  it.  I  think  some  of  the 
suggestions  of  Dr.  Bayles  very  good  and  some  of  them  I  do  not  ap- 
prove of. 

Mr.  Goodsell.— I  want  to  state  that  when  Mr.  North  was  in  our 
department  we  laid  an  experimental  section  of  granite  pavement  on 
Sixth  Avenue,  and  it  cost  us,  figuring  in  the  time  of  the  men  and  the 
cost  of  material  and  all.  about  86  per  sq.  yd.  for  the  stone  pavement. 

Mr.  Tillsox.  — I  very  much  regret  that  this  subject  was  not  given 
out  before,  because  it  is  a  very  important  and  very  interesting  one, 
and  one  to  which  I  have  given  considerable  attention,  and  about  which 
I  have  a  good  many  figures.    I  have  data  as  regards  repairs  of  asphalt 
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pavement,  and  also  stone,  but  I  cannot  give  them  and  do  not  hardly 
dare  to  approximate  offhand  because  it  has  been  some  time  since  I  looked 
at  them,  but  I  will  say  that,  our  relaying  of  stone  pavement  is  not  one- 
half  that  described  by  Mr.  Olney,  and  certainly  not  like  one-half  of 
the  86  a  yard.  We  have  laid  this  present  year  about  1\  miles  of  gran- 
it  e  block  pavement  on  concrete,  and  while,  as  I  say,  I  cannot  give  the 
cost  exactly,  it  compared,  however,  very  favorably  with  our  contract 
prices.  The  most  of  it  was  laid  with  second-hand  blocks.  On  one 
street,  laid  with  new  granite  blocks,  we  paid,  if  I  remember  rightly, 
8^5  per  1  000  for  the  blocks  and  I  am  quite  sure  that  the  cost  per 
square  yard  of  that  street,  and  it  was  a  railroad  street,  where  the  cost 
always  is  more,  was  83.50  or  83. GO  peryd.,  complete,  including  excava- 
tion, concrete,  and  the  new  blocks  and  the  laying.  You  will  think 
about  my  saying  this  that  I  am  also  like  Dr.  Bayles,  an  after-dinner 
speaker,  as  I  speak  on  granite  pavements  when  the  subject  before  us 
is  asphalt,  but  the  question  of  the  municipal  plant  is  very  important 
and  I  firmly  believe  that  it  is  practicable  to  establish  a  municipal 
plant.  I  know  it  is  in  Brooklyn  and  I  do  not  see  why  it  should  not  be 
in  Manhattan.  They  will  be  effective  and  will  be  reasonably  cheap. 
I  believe  with  Dr.  Bayles  that  if  it  does  cost  as  much  for  the  city  to  do 
the  work  as  it  does  to  do  it  under  contract,  it  is  better  for  the  city  to 
do  it.  As  things  are  now,  we  are  practically  dependent  upon  the  as- 
phalt companies.  We  can  give  an  order  to  have  a  street  paved  or  re- 
p aired,  but  that  does  not  repair  it.  If  the  contractors  are  busy  and  they 
refuse  to  do  it,  or  neglect  it,  the  only  thing  we  can  do  is  to  write  an- 
other letter.  But  that  does  not  pave  the  street.  The  question  of  the 
plant  to  be  required  is  something,  of  course,  that  requires  special 
study  and  can  only  be  determined  upon  after  that  study,  when  you 
know  exactly  what  is  to  be  done.  I  presume  that  the  plant  planned 
by  Dr.  Hayles  was  one  that  would  be  needed  when  the  present  asphalt 
pavements  of  Manhattan  are  out  of  guarantee;  not  what  is  out  of  guar- 
antee now.    Am  I  right,  Doctor? 

Ai'thor. — Partly  so,  but  they  are  falling  out  so  rapidly. 

Mb,  Tillson. — If  there  are  only  250  000  yds.  out  of  guarantee  now, 
I  think  t ho  establishment  of  such  a  plant — the  fixed  charges — would 
make  a  pretty  expensive  price. 

Author. — Yes. 

M  B  .  Ti  1. 1. son. — The  question  of  repairs  is  very  hard  to  figure  on 
p  -itively  for  the  asphalt  material,  because  you  may  have  a  street 
thai  is  situated  a  mile  from  your  plant  and  it  may  require  1 000  yds. 

..I  pavement  on  it,  and  yon  may  have  another  one  the  same  distance 
fi<.m  the  plant  and  may  require  10  yds.,  and  it  will  cost  you  a  good 
■  leu]  i  >\i  to  repair  thai  L0  yds.  on  the  one  street  than  it  will  1  000 
yds.  "ii  the  other-  per  unit,  of  course.  In  regard  to  the  old  mate- 
rial^ 1  .1"  lmt   think  I  eau  agree  wit i i  Dr.  Bayles.     From  the  experi- 


DISCUSSION  ON  ASPHALT  PAVEMENTS  IN  MANHATTAN.  95 


ence  I  Lave  had  and  the  observations  I  have  made  where  old  material 
was  used, — and  I  have  seen  considerable  of  it. — it  has  never  been 
found  to  give  good  results  when  the  old  material  was  used.  Of 
course,  if  that  old  material  was  taken  from  cuts  on  a  pavement  that 
had  just  been  laid,  then  it  might  possibly  be  used,  but  I  am  speaking 
on  the  maintenance  of  the  streets  after  the  guarantees  have  expired 
and  not  in  any  connection  whatever  with  the  new  pavement  which 
might  be  in  it  when  repairing  cuts.  I  cannot  give  any  of  the  figures 
that  I  made  myself  on  the  cost  of  the  pavements,  although  I  should 
judge  from  memory  that  they  did  not  vary  very  much  from  those  of  Dr. 
Bayles,  and  I  quite  agree  with  him  that  the  cost  of  material,  or  rather 
the  ability  to  get  the  material,  the  mixing  and  the  machinery,  is  a 
simple  matter  and  that  no  city  which  went  into  the  question  seriously 
would  have  any  trouble  whatever.  There  has  been  a  Municipal 
Asphalt  Plant  in  use  m  the  City  of  Winnipeg  for  some  5  or  6  years, 
not  for  the  purpose  of  repairing,  but  for  laying  asphalt  pavement. 
All  their  asphalt  pavements  for  the  last  5  or  6  years  have  been  laid  by 
the  city.  They  have  not  saved  very  much  over  their  contract  prices, 
but  they  think  they  have  saved  a  little,  and  they  have  no  trouble  in 
obtaining  whatever  asphalt  they  need. 

Mr.  Thompson. — In  the  Bronx  we  have  not  as  yet  arrived  at  a  period 
where  we  have  gotten  out  of  the  guarantee  term.  We  have  had  quite 
serious  trouble  at  times  in  getting  repairs  made,  and  in  getting  them 
made  either  satisfactorily  or  within  a  reasonable  time,  it  depending  a 
good  deal  upon  the  asphalt  contractors  and  the  work  they  had  else- 
where. We  have  experienced  the  same  difficulty  suggested  by  Mr. 
Tillson  in  attempting  to  get  work  done  when  it  should  be.  We  write 
to  the  asphalt  contractors  and  order  them  to  make  certain  repairs.  If 
they  are  not  too  busy,  they  make  them  reasonably  prompt;  if  they  are 
busy.,  they  make  them  when  they  get  ready,  and  if  we  do  not  like  it 
we  write  them  again,  but  we  have  to  wait  for  the  asphalt  corn  Thames. 
There  is  no  means  of  enforcing  the  prompt  repairs  that  should  be 
made  and  be  made  as  they  ought.  In  the  matter  of  using  old  material, 
the  companies  have  in  some  cases  attempted  to  do  that,  and  the  re- 
sult has  been  almost  universally  unsatisfactory.  The  material  has  not 
been  equal  to  the  pavement  originally  laid,  and  it  shows  very  conclu- 
sively on  the  stieet  that  it  is  not,  so  far  as  we  have  had  experience, 
satislactory  in  that  condition.  It  is  difficult  to  get  the  same  condi- 
tion and  to  get  the  repairs  made  the  same,  but  our  experience  up  to 
the  present  time  has  not  been  sufficiently  extensive  to  warrant  any 
determination  of  the  value. 

Me.  Hiklyer. — We  have  not  got  beyond  the  guarantee  period  in 
Richmond. 

A  Member. — Has  Dr.  Bayles  made  any  investigations  as  to  what 
damaged  streets  cost  the  city  in  suits? 
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Author. — I  have  not  made  any  such  computation  and  have  no  data 
from  which  to  do  it. 

Mi:.  La<  m<  otte.  —  As  a  general  proposition  asphalt  is  not  a  very 
desirable  paving  for  bridges  because  of  the  difference  in  the  expansion 
of  the  steel  or  under-flooring  and  the  asphalting  material,  and  the  dif- 
ficulty of  properly  compacting  the  asphalt  on  account  of  the  generally 
springy  character  of  the  under-flooring.  For  these  reasons  the  asphalt 
covering  cracks  and  separates  from  the  under-flooring  on  which  it  is 
laid,  and  soon  disintegrates  altogether.  The  presence  of  street  rail- 
way tracks  on  bridges  greatly  adds  to  the  difficulty  of  maintaining 
asphalt  paving.  It  is  a  very  desirable  paving,  of  course,  on  account 
<>i  its  comparative  lightness  as  compared  with  granite  block  pavement, 
but  recently  there  has  come  upon  the  market  a  very  desirable  paving 
in  the  form  of  wooden  blocks,  which  I  think  will  undoubtedly  be 
universally  adopted  in  preference  either  to  asphalt  or  granite  block 
for  bridges.  It  is  preferable  to  the  granite  block  because  of  its 
lightness,  and  preferable  to  the  asphalt  because  of  its  giving  a  better 
footing  on  grades. 

Mi:.  Brush. — There  is  one  thing  in  the  paper  to  which  1  think 
engineers  may  well  pay  attention  and  that  is  the  refilling  of  openings. 
There  is  very  little  attention,  as  a  rule,  given  to  the  trench  after  the 
pipe  or  gallery  is  placed,  in  the  refilling,  and  I  think  a  great  deal  of 
settlement  could  be  prevented  if  more  attention  was  paid  by  the 
engineers  and  their  inspectors  in  requiring  a  more  careful  ramming  in 
the  back-filling.  If  you  make  the  contractors  back-fill  a  trench  and 
tamp  it  in  such  a  manner  that  the  settlement  is  practically  nothing, 
they  consider,  especially  in  laying  water-pipe,  that  you  are  requiring 
more  than  is  called  for  under  city  contracts.  Alter  the  contractors  have 
laid  the  pipe  and  have  carefully  rammed  the  material  under  the 
same  and  up  to  the  middle  of  the  pipe,  they  consider  they  should  be 
allowed  to  put  in  the  material  with  comparatively  few  rammers  to  the 
laborers  filling.  I  know  of  one  case  where  we  have  made  a  trench 
20  ft.  or  more  in  depth  and  where  a  great  deal  of  attention  was 
given  to  the  back-filling.  The  contractor  filled  in  to  within  an 
couple  of  inches  of  the  street  surface,  expecting  the  settlement  to  be 
sufficient  to  allow  him  to  replace  the  pavement.  He  has  found  since 
then,  to  his  surprise,  that  he  will  have  to  remove  all  the  allowance 
that  he  made  for  shrinkage.  I  think  in  a  great  many  of  the  works, 
especially  that  done  by  contractors  or  private  corporations,  that  theie 
will  !»<•  considerable  settlement  in  the  trench  lines  which  show  up  on 
tie-  pavement  after  the  asphalt  has  been  replaced. 

Mr.  (ioodsell.  I  wautto  state  that  most  of  the  asphalt  companies 
n<>\\  require  a  guarantee  from  corporations  for  repairs  made  over 
Openings,  that  is,  if  the  trench  shrinks.  If  there  is  a  depression  there 
the>  in.-  to  repair  it  and  the  corporation  is  to  pay  for  it.    The  com- 
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parries  are  putting  that  clause  in  almost  all  their  repair  contracts 
now. 

Mr.  Fabreel. — I  know  Dr.  Bayles  must  have  thought  of  the  street 
kept  so  nice  in  England  how  that  would  work  in  New  York.  The  influ- 
ence that  is  continually  brought  to  bear  to  keep  contractors  going,  in 
business,  in  the  city,  when  they  get  a  contract,  the  force  and  power 
that  they  use  to  do  the  work  as  soon  as  they  please,  and  when  they 
please,  are  very  important  points.  But  there  are  cases  where  they 
tight  off  doing  work  to  any  degree  for  which  they  contracted  for.  I 
have  had  some  experience  in  asphalt  covering,  etc.  I  find  one  thing 
about  contractors  as  has  already  been  stated  and  that  is  that  the  com- 
panies are  very  slow  to  make  repairs.  Usually,  they  wait  until  the 
necessity  for  repairs  grow,  so  that  they  will  have  some  fire  burned 
repairs  to  make  at  the  same  time,  so  as  to  make  the  work  fairly  good 
on  the  street.  That  is  sometimes  the  reason.  And  then,  as  the  Doctor 
says,  some  of  the  repairs  are  disgraceful.  They  leave  the  edges  of  the 
repairs  in  a  depressed  form,  in  such  a  way  as  to  leave  it  surrounded 
by  water  when  it  rains,  and  it  is  very  hard  to  get  them  to  go  back  and 
do  it  over  again.  They  won't  do  it.  That  is  one  great  trouble  in  re- 
pairs. They  raise  the  centre  too  high  and  leave  the  sides  low.  It 
does  not  conform  to  the  uniform  surface  of  the  street,  and  by  that 
means  is  a  great  cause  of  wearing  out  the  repair  in  a  short  time,  but  it 
does  seem  to  me  that  New  York  will  have  to  change  wonderfully  be- 
fore we  can  reach  any  such  happy  time  when  we  will  keep  the  streets 
in  the  city  in  proper  repairs. 

A  Member. — It  appears  that  the  question  has  been  discussed  from 
a  right  point  of  view  only  by  Mr.  Bayles  and  by  Mr.  Olney.  The  re- 
mark made  by  Mr.  Olney  reflects  somewhat  on  the  city's  service.  If 
the  work  done  by  the  city  is  dear  or  extravagant  as  compared  with 
contractors,  then  it  appears  to  me  that  many  of  the  city's  works  would 
be  better  if  done  by  outside  contractors  and  not  by  the  city  itself. 
The  figures  given  by  Mr.  Bayles  prove  that  the  repairs  can  be  done  at 
a  price  of  80  cents  per  yard,  and  Mr.  Olney  claims  that  the  price  is 
SI.  16.  Even  if  it  cost  the  city  as  much  as  the  contractors  charge,  the 
city  should  go  into  the  business,  because  the  work  could  be  done 
quicker  in  that  wray.  I  am  in  favor  of  municipal  control  of  all  the 
work  and  I  would  like  to  know  whether  Dr.  Bayles  can  say  why.  if  the 
city  is  going  to  establish  a  plant  for  repairs,  it  should  not  establish  a 
plant  for  doing  all  the  work  and  take  it  out  of  the  hands  of  the  con- 
tractors. 

Me.  Geo.  F.  Sever.— This  paper  of  Dr.  Bayles  on  asphalt  is  cer- 
tainly very  interesting,  but  I  must  admit  that  I  was  one  of  those  who 
came  here  to  discuss  the  other  proposition,  but  yet  have  been  greatly 
benefited  and  have  learned  a  great  deal  about  asphalt.  I  am  not  pre- 
pared to  discuss  the  municipal  plant  for  making  asphalt  or  laying  it.  I 
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happen  to  have  the  honor  of  being  connected  with  Commissioner 
Monroe's  Department,  which  has  a  proposition  to  establish  a  munici- 
pal lighting  plant,  of  which  probably  many  of  you  have  heard.  We 
have  not  got  it  yet  and  although  many  arguments  were  used  in  favor 
of  it,  the  city  authorities  seemed  to  have  looked  uj>on  it  rather  unfa- 
vorably. Whether  a  municipal  asphalt  proposition  will  meet  with  the 
same  fate  I  am  not  prepared  to  say.  I  trust  that  the  Society  will  not 
neglect  to  ask  Dr.  Bayles  to  present  a  paper  upon  the  advisability  of 
establishing  a  bureau  for  tests  for  this  city,  if  I  may  speak  on  that 
just  a  moment.  I  think  it  is  a  very  important  matter  to  establish  for 
all  departments  of  the  city  municipal  plants,  for  analysis  of  asphalt, 
for  instance,  speaking  more  directly  to  the  subject,  and  testing  of 
asphalts  and  testing  of  all  other  materials  which  are  used  in  construct- 
ing buildings  in  the  city,  construction  of  bridges  and  the  construction 
of  all  municipal  undertakings.  I  have  the  honor  of  being  connected 
with  Columbia  University  and  have,  through  the  influence  of  Com- 
missioner Monroe,  established  there  electrical  laboratories  tor  testing 
electrical  apparatus  for  the  city.  Any  department  may  send  in 
materials  which  they  desire  to  have  tested  to  Columbia  for  our  test 
and  it  has  proved  a  great  benefit  in  a  number  of  cases  during  the  time 
this  arrangement  has  existed.  I  think  this  subject  ought  to  be  brought 
up  at  an  early  date  and  thoroughly  discussed  and  means  taken  to 
organize  some  such  testing  bureau. 

Mi;.  Lkwis. — Dr.  Bayles  spoke  of  the  apparent  indifference  or  aver- 
sion of  Brooklyn  authorities  to  following  up  the  trail  which  was  un- 
earthed when  his  tests  demonstrated  that  escaping  pas  was  cloing 
serious  damage  to  the  asphalt  pavements.  I  want  to  say,  however, 
that  the  recommendation  was  earnestly  made  that  the  matter  be  taken 
into  the  Courts  and  that  quickly,  but  you  know  that  legal  proceed- 
111--.  especially  when  a  powerful  corporation  is  the  defendant,  are 
}  n  >\ •  rbially  slow.  Reference  has  been  made  to  the  damage  caused  by 
tires.  That  is,  of  course,  one  of  the  things  that  the  contractor  is  not 
responsible  for.  Fires  are  fatal  to  an  asphalt  pavement,  and  we  know 
t  lie  immense  damage  caused  by  them  every  year,  especially  on  election 
night.  The  difference  in  the  cost  of  repairing  such  damage  in  the 
boroughs  of  Manhattan  and  Brooklyn  is  rather  startling.  Several 
years  ago  I  was  asked  to  give  the  amount  which  Brooklyn  had  paid 
f<>r  this  purpose  during  the  previous  twelvemonths,  and  found  that 
it  had  been  <\~. ."><>. —  1  think  that  was  the  amount,  but  am  positive  it 
i^  approximately  correct.  During  the  same  period  Manhattan  had 
paid  some  ??:HM):.ii.  This  is  a  very  remarkable  difference.  Perhaps 
Brooklyn  people  are  supposed  to  go  to  bed  as  soon  as  it  is  dark,  and 
fires  are  not  attractive  in  the  day  time. 

Mb.  Tillson.—  This  year  it  has  not  been  a  half  dollar. 

Mi;  <  M.m.v.  —  I  wish  to  say  that  the  cost  in  Manhattan  last  year  was 
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828  000,  and  do  not  know  how  much  it  will  cost  this  year.  Police 
Commissioner  Greene  notified  every  Captain  in  the  Borough  to  keep 
watch  and  prevent  any  fires,  if  possible,  and  yet  we  have  had  a  list 
come  iD  so  that  I  think  it  will  be  £20  000  this  year. 

Mr.  Lewis. — One  cannot  but  wonder  whether  these  are  all  burns 
or  whether  the  bad  places  were  carefully  held  over  until  after  election, 
and  then  all  grouped  together  as  fire  burns,  to  be  repaired  at  the  ex- 
pense of  the  city  to  the  substantial  relief  of  the  contractor. 

Mr.  Olxet. — I  refer  you  to  Mr.  Farrell,  an  expert  on  the  business. 

Me.  Faeeell. — I  wish  to  say  that  whenever  I  look  after  fire  burns 
they  are  fire  burDs  or  they  don't  go  down  as  such,  and  I  know  the 
difference  very  well. 

Me.  Goodsell. — I  desire  to  ask  Dr.  Bayles  if  he  has  ever  investi- 
gated the  effect  of  oil  on  the  asphalt  pavements.  It  seems  to  me  that 
this  is  a  matter  that  is  in  time  going  to  be  important.  The  automobiles 
traveling  over  the  streets  drop  a  great  deal  of  oil,  and  I  think  it  has 
been  generally  found  to  be  destructive.  I  know  where  trucks  having 
tanks  containing  kerosene  oil — where  these  tanks  leaked  over  the 
pavement— that  it  does  affect  the  surface,  and  that  thing  seems  to  be 
on  the  increase. 

Author. — As  far  as  that  is  concerned,  I  think  it  depends  on  what 
kind  of  oil  is  referred  to.  Petroleum  oils  would  have  a  very  much 
more  energetic  solvent  action  on  the  asphalt  than  heavier  oils,  and  some 
oils  I  think  would  be  quite  objectionable,  but  where  more  or  less  oil  is 
used  in  mixing  asphalt  it  is  not  so  violent  as  to  merit  the  cause  of  any 
concern  to  the  public  in  pavement  deterioration. 

I  do  not  recall,  Mi*.  Chairman,  that  any  other  specific  questions 
have  remained  unanswered,  excejDt  one.  which  has  slipped  my  mind 
for  the  moment.  I  will  say,  however,  that  this  paper  which  I  have 
had  the  pleasure  of  reading  is  but  a  fragment  of  the  investigation. 
Many  of  the  questions  which  have  been  asked  would  have  been  an- 
swered if  I  had  time  for  the  full  subject.  The  results  of  the  entire  in- 
vestigation have  been  communicated  to  the  Commissioner  of  Public 
Works  and  will  very  soon  appear  in  printed  form,  not  in  the  shape  in 
which  you  have  heard  it,  but  under  a  very  much  more  systematic 
form,  and  if  it  has  caused  the  interest  which  the  suggestions  seem  to 
indicate,  1  cannot  do  better  than  to  refer  those  to  the  report  which  will 
be  printed.  I  am  gratified  with  the  tone  of  discussion.  I  appreciate 
the  fact,  especially  since  the  members  came  to  hear  something  differ- 
ent. If,  however,  the  subject  of  the  Municipal  Bureau  for  tests  for 
standardizing  all  questions  of  quality  and  relative  value  is  of  sufficient 
interest  to  warrant  a  very  critical  and  careful  investigation,  I  shall  at 
some  future  time  prepare  such  a  paper. 


THE  MUNICIPAL  ENGINEEES 
OF  THE  CITY  OF  NEW  YORK. 


Paper  No.  6. 


THE    INVESTIGATION   OF   NEW  SOURCES  OF 
WATER  SUPPLY  FOR  THE  CITY 
OF  NEW  YORK. 


Topical  Discussion  by 
A.  S.  Tuttle,  W.  W.  Brush  and  D.  D.  Jackson,  Members 
of  the  Society. 
Presented  December  23d,  1903. 


Mb.  Tuttle. — The  need  of  an  increase  in  the  water  supply  of  the 
City  of  New  York  was  probably  first  brought  forcibly  to  the  attention 
of  the  public  in  1899,  when  serious  consideration  was  given  to  a  pro- 
posal of  the  Kamapo  Water  Company,  to  furnish  the  city  with  a  daily 
supply  of  200  000  000  gals,  at  $70  per  million  gallons,  the  water  to  be 
delivered  at  an  elevation  of  300  ft.  into  a  reservoir  to  be  constructed 
near  the  northern  boundary  of  the  city.  The  main  source  of  supply 
from  which  this  water  was  to  be  obtained  was  the  Esopus  Creek,  the 
portion  of  its  drainage  area  to  be  used  being  located  in  the  Cat  skill 
Mountains. 

In  favor  of  the  project  it  was  urged  that  the  water  was  of  good 
quality,  that  the  supply  would  be  needed  as  soon  as  it  could  be  made 
available,  and  that  the  finances  of  the  city  prohibited  it  from  under- 
taking the  construction.  The  opposition  to  even  a  partial  loss  of 
control  of  the  municipal  water  supply  led  at  once  to  two  investigations 
of  the  entire  subject,  one  by  Mr.  John  R.  Freeman,  on  behalf  of  former 
Comptroller  Bird  S.  Coler,  and  the  other  by  an  engineering  commirtee 
of  the  Merchants  Association,  of  which  Mr.  Rudolph  Heriug  was  a 
most  active  member.  These  investigations  included  the  subjects  of 
waste,  need  of  an  additional  supply,  available  sources,  cost  of  COB- 
strnetion,  and  cost  of  maintenance.  The  streams  considered  included 
the  following:  Ten  Mile  River;  Housatonie  River;  Walkill  River; 
Shawangunk  ('reek;  Moodna  Creek.  Popolopen  Creek ;  Esopus  Creek; 
Schoharie  deck;  Catskill  Creek;   Ramapo  River;  Delaware  River; 
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Neversink  River;  Hudson  River  in  the  Adirondacks;  Hudson  River  at 
Poughkeepsie;  Peekskill  Creek;  Clove  Brook;  Fishkill  Creek;  Wap- 
pitiger  Creek;  Roeliff  Jansen's  Kill;  Kinderhook  Creek;  and  South 
Branch  of  the  Hoosac  River. 

Mr.  Freeman's  studies  led  him  to  recommend  the  Housatonic  and 
Ten  Mile  Rivers  as  best  adapted  to  the  needs  of  New  York,  while  the 
Merchants'  Association  Committee,  following  the  advice  of  their  coun- 
sel, recommended  that  consideration  be  given  only  to  the  streams 
having  their  origin  and  course  wholly  within  the  limits  of  the  State  of 
New  York,  and  on  the  line  of  this  recommendation  they  selected  the 
Hudson  River  as  the  most  available  source,  the  water  to  be  taken 
either  in  the  Adiroudacks  or  at  Poughkeepsie.  Filtration  was  re- 
quired with  the  latter  scheme,  aud  also  with  the  former  if  other  of  the 
tributaries  than  Schroon  River  were  to  be  utilized. 

The  work  of  the  Commission  on  Additional  Supply,  composed  of 
Prof.  William  H.  Burr,  Rudolph  Hering,  and  John  R.  Freeman,  which 
has  just  made  its  report  to  the  Commissioner  of  Water  Supply,  maybe 
said  to  be  the  first  complete  official  investigation  which  has  been  made 
public,  although  it  is  generally  understood  that  the  engineer  corps  of 
the  wrater  department  has  had  the  situation  under  consideration  for 
many  years,  and,  although  lacking  an  ax^propriation  of  sufficient  mag- 
nitude to  make  an  exhaustive  study,  had  previously  collected  such 
data  as  could  be  otherwise  obtained.  Although  the  report  of  the  Com- 
mission has  not  been  printed,  the  abstracts  published  justify  us  in 
congratulating  them  on  the  thoroughness  with  which  they,  in  a  re- 
markably short  time,  have  dealt  with  a  question  of  such  magnitude 
and  one  which  involves  so  important  a  factor  in  the  growth  and  to  the 
prosperity  of  the  city.  I  believe  that  we  may  also  congratulate  the 
city  upon  the  personnel  of  this  Commission,  and  upon  having  pointed 
out  to  it  a  method  to  be  followed  for  the  development  of  the  supply 
from  which  all  doubts  and  uncertainties  have  been  removed. 

It  is  understood  that  the  Commission  concurs  with  all  those  who 
have  previously  studied  the  needs  of  the  city,  in  the  conclusion  that 
an  additional  supply  is  urgently  needed,  and  that  works  to  provide 
for  the  same  should  be  begun  at  once.  The  published  abstracts  indi- 
cate that,  following  the  advice  of  the  corporation  counsel,  they  have 
excluded  from  consideration  all  streams  not  wholly  within  the  limits 
of  New  York  State,  and  that  they  recommend  the  development,  first 
of  the  Fishkill  and  Esopus  Creeks,  with  a  further  extension  at  a  later 
date,  to  include  the  Wappinger  Creek,  and  either  the  Roeliff  Jansen's 
Kill  or  Rondout  Creek,  the  latter  being  preferred  on  the  ground  of 
the  softer  quality  of  the  water,  but  not  being  reported  upon  in  detail 
at  this  time  owing  to  the  expiration  of  the  time  limit  placed  upon  the 
investigation. 

The  proposed  supply  is  to  be  delivered  by  gravity  to  a  reservoir 
located  near  the  upper  limit  of  the  city,  and  at  an  elevation  of  300 
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ft.,  thus  dispensing  with  all  pumping  stations  either  on  the  water- 
shed or  within  the  Boroughs  of  Manhattan  or  the  Bronx.  Their  recom- 
mendation also  includes  not  only  the  nitration  of  the  new  supply,  but 
also  of  that  in  present  use. 

The  project,  in  several  respects,  is  similar  to  that  of  the  Ramapo 
Company.  The  estimate  of  yield,  drainage  area  and  storage  reservoir 
capacity  provided  for  each  of  the  streams  to  be  utilized,  are  shown  by 
the  following  table,  based  upon  information  given  in  the  report  of  the 
Commission,  to  which  1  have  added  some  data  deduced  from  experi- 
ence with  the  Croton  River. 

Table  Showing  the  Drainage  Area,  the  Storage  Reservoir  Capacity, 
and  the  Estimated  Yield  of  the  Croton  Source  of  Supply,  and 
Similar  Data  for  the  Additional  Sources  Recommended  by  the 
Commission  on  Additional  Water  Supply. 


Source  of  Supply. 

1 

eS 

5,2 

I* 

h 
P 

Estimated 
daily  capacity- 
million 
gallons. 

Estimated 
draught  on 
drain  ige  area  in 
inches  per 
annum. 

Storage 

Million 
Gallons. 

Provided. 

Days* 
Supply. 

360 

280 

16.3 

75.000 

268 

Fishkill  River  

81 

60 

15.6 

!<;.K0(. 

280 

255 

260 

21.4 

66,500 

256 

116 

80 

14.5 

30.500 

3S1 

R.M-lifl:  Jansen  Kill  

149 

100 

14.1 

17.200 

172 

Fishkill  and  Esopus  

336 

320 

20.0 

83,900* 

262 

Kislikill.  Ksopus.  Wappinfjer 

266 

ami  BoeUfl  Jansen  

601 

500 

17.5 

133.030* 

*  Includes  storage  reservoir  near  Yonkers. 


From  this  table  it  appears  that  the  storage  reservoir  capacity  to  be 
provided  tm  developing  the  Fishkill  and  Esopns  Creeks,  and  later, 
for  the  addition  of  the  Wappinger  Creek' and  the  RoelifT  Jansen's  Kill 
<>r  Etondont  Creek,  conforms  with  the  Croton  precedent.  It  is  also  to 
1"  notnl  that  with  the  exception  of  the  Esopus  Greek,  the  draft  on  the 
various  drainage  urea  is  well  within  safe  limits  as  determined  in  the 
Croton  valley;  from  Ksopus  it  is  apparently  intended  to  obtain  over 
M0U„  more  per  square  mile  than  from  the  Croton.  The  character 
of  the  Ksopus  drainage  urea  is  not  well  known  to  me,  but  my  impres- 
sion is  that  in  general  it  is  more  mountainous  than  the  Croton,  which 
phould  result  in  n  comparatively  greater  Hood  How  and  a  lesser  yield 
pel  [Uare  mile  during  the  dry  season.  These  conditions  would  iudi- 
eati  that  t lie  Commission  has  ascertained  that  there  is  here  a  greater 
or  more  evenly  distributed  rainfall  than  in  the  Croton.  Following  the 
general  laws  governing  rainfall,  it  would  appear  probable  that,  owing 
to  its  greater  distance  from  the  coast  the  rainfall  in  the  Esopus  sec- 
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tion  would  be  less  than  in  the  Croton,  while,  from  its  relatively  higher 
elevation,  the  precipitation  should  be  greater. 

The  lines  showing  a  decrease  of  normal  chlorine  in  surface  water 
in  a  northwesterly  direction,  as  ascertained  for  New  York  State  by 
Mr.  Jackson,  appear  in  general  to  follow  those  marking  decreases  in 
rainfall,  although  the  relative  rate  of  decrease  is  much  more  rapid  in 
the  chlorine  than  in  the  precipitation.  It  seems  to  me  that  some  such 
similarity  might  reasonably  be  expected  to  exist. 

Comparing  the  results  of  the  Federal  Census  of  New  York  City  for  1890 
with  that  for  1900,  it  appears  that  the  average  annual  increase  in  popula- 
tion has  been  3.2  per  cent.  Assuming  that  this  rate  of  growth  will  be 
maintained,  that  the  per  capita  consumption  of  water  remains  constant, 
that  the  present  daily  consumption,  including  all  consumers,  is 
400  000  000  gals.,  and  that  the  average  capacity  of  the  sources  now  in 
use,  public  and  private,  is  440  000  000  gals,  daily,  there  will  be  required 
in  the  year  1925  a  daily  supply  of  800  000  000  gals.,  this  practically 
agrees  with  the  determination  of  the  Commission  that  the  Esopus  and 
Fishkill  supplies  (320  million  gals,  daily)  added  to  the  present  sources, 
will  suffice  to  that  year.  Following  this  rate  of  growth,  the  entire 
500  000  000  gals,  of  additional  supply  reported  upon,  will  be  required 
in  1930,  and  in  60  years  from  the  present  time  the  daily  consumption 
will  have  reached  2  500  000  000  gals. 

These  figures  show  the  gigantic  scale  under  which  the  situation 
must  be  considered,  and  that  such  a  growth  may  be  realized  and  is 
easily  within  the  range  of  possibility  is  further  evident  from  the  fact 
that  only  a  little  more  than  one  quarter  of  the  city  is  now  supplied  with 
a  street  system  and  with  a  water  supply.  That  the  situation  will  be  a 
serious  one  when  the  time  comes  that  this  metropolis  may  require  such 
a  supply  as  I  have  indicated,  is  apparent  to  all  familiar  with  the 
water  resources  of  the  State. 

I  understand  that  the  report  deals  extensively  with  the  question  of 
waste  of  water,  and  strongly  recommends  the  use  of  meters.  It  does 
not  require  a  keen  insight  into  the  future  to  predict  that  the  day  will 
arrive  when  the  city  must  abandon  the  antiquated  system  now  in 
vogue  of  charging  water  consumers  on  a  scale  in  which  the  width  of 
a  building,  number  of  stories,  and  number  of  fixtures  are  the  sole 
factors,  unjustly  taxing  the  small  user  for  the  benefit  of  those  who 
willfully  or  ignorantly  waste  water,  and  placing  absolutely  no  obliga- 
tion upon  a  consumer  to  make  proper  use  of  a  supply,  with  the  sole 
exception  of  advising  him  of  the  existence  of  rules  which  can,  at  best, 
be  enforced  only  in  small  measure.  The  injustice  of  the  present  sys- 
tem to  the  metered  consumers  is  evident  from  the  fact  that  the  reve- 
nue per  million  gallons  from  this  source  is  far  in,  excess  of  that  from 
the  unmetered  supply,  a  showing  which  does  not  encourage  an  in- 
crease in  their  present  number  except  as  required  in  conformity  with 
the  rules  of  the  Water  Department.    That  the  consumption  is  need- 
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lesslv  high  because  of  this  long  established  system  dating  from  the 
first  introduction  of  water  and  from  a  time  when  ample  supplies  of 
good  quality  were  abundant,  is  well  recognized;  and  it  must  also  be 
recognized  thai  the  general  public  protests  against  the  introduction  of 
meters  in  their  houses  on  the  ground  that  they  do  not  desire  to  be  lim- 
ited in  any  way  in  their  use  (or  waste)  of  water. 

In  this  latter  connection  I  wish  to  call  attention  to  the  results  of  a 
rule  made  by  the  Department  of  Water  Supply  nearly  two  years  ago, 
requiring  all  hose  supplies  to  betaken  through  a  meter,  which  regu- 
lation was  also  supplemented  by  a  legislative  enactment  providing 
that  when  meters  were  used  in  private  houses,  the  payment  should  be 
based  on  the  amount  of  water  actually  used,  the  frontage  rate  previ- 
ously established  as  a  minimum  charge  for  such  cases  being  dispensed 
with.  This  regulation  forced  the  installation  of  meters  upon  those 
consumers  who  had  located  in  the  suburbs  for  the  purpose  of  having 
large  open  spaces  about  them,  and  who  depended  upon  the  use  of 
garden  hose  to  maintain  the  beauty  and  productiveness  of  their  grounds, 
and  gardens. 

I  have  compiled  the  records  of  about  two  dozen  of  the  meters  set 
during  May  last  under  these  circumstances,  each  located  on  premises 
occupied  by  persons  well  known  to  me,  and  believe  that  the  results 
submitted  in  the  accompanying  table,  which  includes  eight  typical 
ea-es,  are  of  great  value  as  illustrating  the  actual  use  of  water  under 
proper  conditions. 

Table  Showing  Consumption  of  Watek  in  Private  Dwellings  in 
the  Borough  of  Brooklyn  During  1903,  as  Determined  by 
Meter  Measurements. 


x  100*  lots 
by  build- 

No.  of  Fixtures. 

record, 
s. 

□sumption  | 
Gallons. 

No.  OF 
Occupants. 

Average  Con- 
sumption per 
Head  per  Day. 
Gallons. 

>. .  — 

t_  -  ^  S 

pit 

No. 

si 

8  §  u 
=  5.= 

i 
- 
i 

i 

l\ 
I- 

Total  No. 

of 
faucets. 

Duration  of 
Day 

Average  co 
per  day. 

4 

3 

■9 
< 

d 
B 

E 

■9 

2 

5 

3 

S  9 
—  9 

g1 
O  « 

«... 
4... 
5... 
«... 
7... 

12 
4 
1 

1 
3 
11) 
H 
4 

I 
i 
i 
■ 
i 
i 
i 

2 
2 
1 

I 
2 
2 
2 

10 
16 

10 

id 
ii 

18 
M 
H 

161 

220 
HV.I 
210 
203 
203 
220 
21(i 

liS.  1 
132.3 

811  (1 
Nil  II 
If  Hi.'.) 
SI  .  1 

.si:*.:. 

3 
5 
3 
3 
3 
1 
5 
3 

3 
4 
0 
0 
3 
1 
0 
0 

6 
0 
3 
3 
6 
8 
1 
8 

11.4 
14.7 

29.7 
21).  7 
17.8 
27.0 
B8.7 
75.8 

22.  S 

M.6 
2'.).: 

21  i.T 

66.6 
40. 

02.7 
7S.S 

$3.34 
0.45 
4.34 
1.35 
5.21 
8.9T> 
15.30 
11.10 

Total 

l  id?.: 
i  QM.l 

27 

11 

B 

18 

».] 

41.0 
13.3 

S.i.T.i 
7.24 

Total    Nil  l  .'xcIuiWmI 

24 

32 

32.5 
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The  houses  are  all  three  story  frame  buildings,  with  front  widths 
ranging  from  about  25  ft.  to  about  45  ft.,  and  under  the  rates  pre- 
viously fixed,  garden  hose  being  charged  at  the  rate  of  $2.50  per  lot, 
the  bills  formerly  ranged  from  820  to  about  835  per  year,  and  in  some 
cases  would  have  been  still  higher  if  charges  had  beeu  made  for  all  of 
the  lots  connected  with  the  premises  and  actually  irrigated.  The 
consumers  are.  in  every  case,  in  comfortable  circumstances,  and  have 
made  no  changes  in  their  habits  since  the  meters  were  installed.  A 
significant  fact  concerning  these  cases,  is  that  each  is  from  a  section 
where  sewers  have  not  been  constructed  and  where  cess-pools  serve 
for  house  drainage,  with  the  result  that  leaks  in  fixtures  have  always 
been  promptly  attended  to,  and  that  great  care  has  been  taken  to 
guard  against  leaving  faucets  running  longer  than  necessary.  In 
every  case  these  consumers  had  previously  lived  in  well  drained 
sections,  where  they  became  fully  accustomed  to  an  unrestricted  use 
of  water  sufficient  for  every  need,  and,  so  far  as  I  have  had  oppor- 
tunity to  observe,  none  of  the  previous  habits  or  customs  have  been 
altered,  with  the  sole  exception  of  the  guard  against  waste.  The 
records  in  the  cases  submitted  include  the  1903  summer  or  garden 
hose  season  use,  but,  as  the  rainfall  was  well  distributed,  this  use 
was  probably  below  the  normal. 

Commenting  on  this  record,  it  should  be  noted  that  consumer  No. 
1  very  largely  omits  the  use  of  garden  hose;  for  kitchen  use  he  also 
depends  partly  upon  a  cistern,  while  all  other  consumers  derive  their 
entire  supply  through  the  meter.  Consumer  No.  7  maintains  a  large 
garden  and  keeps  a  man  busy  continually  in  caring  for  it,  this  care 
including  much  more  extensive  irrigation  than  in  other  cases,  and 
probably  much  more  than  is  required.  Case  No.  8  is  an  excellent 
comparative  illustration  of  the  result  of  an  unintelligent  use  of  water; 
the  household  consists  of  two  adults  and  a  servant,  both  of  the  former 
being  absent  from  home  at  very  frequent  intervals  and  for  prolonged 
periods  during  which  the  servant  is  in  full  charge,  this  doubtless  ex- 
plaining the  greater  consumption  of  water,  although  the  garden  use 
is  liberal.  These  consumers  were  previously  quite  unaware  of  their 
exceptionally  small  use  of  water,  and  were  probably  just  as  strongly 
opposed  to  the  installation  of  meters  as  are  those  of  the  other  parts  of 
the  city.  Their  first  bill  for  six  months'  use  has  been  presented  to  them, 
and  in  several  instances  they  believed  that  an  error  had  been  made  in 
their  account,  but  now  they  have  become  fully  satisfied  in  the  cer- 
tainty that,  without  exception,  their  water  bill  will  be  sufficiently 
diminished  during  the  first  year's  use  of  a  meter  to  defray  the  cost  of 
its  installation.  With  sewers  provided  it  is  probable  that  the  vigi- 
lance of  these  consumers  in  preventing  waste  would  be  greatly  less- 
ened, but  to  my  mind  the  record  fully  establishes  that  40  gall?,  per 
head  per  day  includes  a  sufficiently  liberal  allowance  for  actual  use, 
leakage  from  mains  and  use  for  business  not  being  included. 
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If  this  object  lesson  could  be  sufficiently  brought  home  to  the  resi- 
dents of  New  York,  if  the  present  charter  prohibitum  against  the  gen- 
eral introduction  of  meters  in  private  dwellings  were  to  be  removed, 
and  if  meters  could  at  once  be  generally  installed,  it  is  very  evident 
that  there  would  be  no  occasion  for  anxiety  as  to  the  adequacy  of  the 
present  supply  for  many  years  to  come.  Unfortunately,  the  prospect 
of  an  early  realization  of  these  ideal  conditions  is  far  from  assuring, 
and  even  the  most  optimistic  must  place  present  hope  in  the  carrying 
out  of  the  plans  of  the  Commission,  depending  upon  a  gradual  en- 
lightenment of  the  public  with  a  resulting  popular  demand  for  the  pre- 
vention of  water  waste,  which  demand  the  future  is  certain  to  bring. 

Mr.  Brush. — When  the  Commission  was  tirst  appointed,  they  took 
up  the  question  of  the  development  of  the  Long  Island  supply  in 
relation  to  the  present  needs  of  Brooklyn.  Of  course  it  was  known 
from  the  beginning  that  the  new  supply  would  not  be  available  within 
the  tini2  it  would  be  absolutely  needed,  or  rather,  within  the  time  its 
need  would  be  greatly  felt  by  the  city,  and  so  the  Commission  looked 
for  the  additional  supply  for  Brooklyn  from  a  further  development  of 
the  Long  Island  water-shed.  I  presume  the  majority  of  you  are 
familiar  with  the  water-shed  which  we  have  there,  which  consists  of  a 
sandy  plain  on  the  south  side  of  Long  Island,  the  present  supply  being 
derived  from  driven  wells  and  from  small  surface  streams.  The  stream 
supply  normally  is  about  65  percent,  and  the  driven-well  supply  about 
35  per  cent.  The  total  supply  to  Brooklyn  in  the  past  year,  omitting 
private  plants,  amounted  to  about  105  000  000  gals,  a  day.  The  work  of 
the  Commission  on  Long  Island  was  devoted  to  the  investigation  of  the 
underground  supply,  and  in  carrying  out  this  work  they  had  numerous 
field  parties  and  have  driven  a  great  many  wells  for  the  examination  of 
the  soil  and  for  the  determination  of  the  underground  level.  In  the 
saturate  1  sands  the  water  level  varies  comparatively  slightly  during 
the  year.  When  we  get  to  within  half  a  mile  of  tide  water,  the 
annual  variation  in  the  height  of  the  ground- water  level  is  usual  ly 
between  3  aud  5  ft.,  and  the  ground  water  slopes  upward  gradually 
from  the  sea  towards  the  center  of  the  Island,  the  slope  near  the  sea 
being  abouJ  7  to  8  ft.  to  the  mile.  The  Commission's  work  in  deter- 
mining the  underground  water  level  was  to  get  the  water  level  con- 
tour- for  Long  Island,  running  from  north  to  south  shore,  i.  e.,  from 
the  Sound  to  the  Ocean,  and  from  the  western  end  of  the  Island  to 
about  Kiverhead.  They  made  a  few  observations  as  far  cast  as  River- 
head,  but  the  majority  were  made  in  the  section  which  was  con- 
sidered as  possibly  available  for  Brooklyn,  which  extended  out  beyond 
l'ateho^ue,  but  I  do  not  recall  the  exact  distance.  The  Suffolk 
County  supply  is  supposedly  inaccessible  for  Brooklyn  on  ac- 
count of  the  law  passed  in  ls'.n;  prohibiting  the  city  from  util- 
izing the  surface  streams,  unless  the  consent  of  the  Board  of  Super- 
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visors  was  obtained.  At  the  time  that  was  considered  equivalent  to  a 
prohibitory  act.  and  the  constitutionality  of  it  has  been  questioned  a 
number  of  times,  but  never  in  the  courts,  so  that  at  present  we  do  not 
know  whether  the  Borough  of  Brooklyn  has  the  power  to  utilize  the 
waters  of  Suffolk  County.  There  may  be  a  possibility  of  utilizing  the 
underground  water,  and  thus  getting  a  supply  without  acting  contrary 
to  the  terms  of  the  Act  passed  in  1896. 

The  determination  of  the  water  levels  by  the  Commission  showed 
that  in  the  western  part  of  the  Island  the  water  divide  was  a  little 
south  of  the  surface  divide  after  you  passed  beyond  the  limits  of  the 
borough.  Within  and  immediately  east  of  the  borough,  the  water 
divide  is  very  nearly  at  the  northern  foot  of  the  hill  which  forms 
the  backbone  of  the  Island  ;  that  is  to  say,  on  account  of  the 
porous  character  of  the  soil,  the  water  which  falls  on  the  land  sloping 
towards  the  Sound  actually  passes  into  the  Ocean  on  the  south  side. 
As  we  go  further  east,  tbe  line  varies  in  the  section  which  forms  what 
is  called  the  Brooklyn  New  Watershed,  which  is  the  section  east  of 
Bockville  Centre.  The  line  there  is  about  2  miles,  I  think,  to  the 
south  of  the  natural  divide.  When  we  gc  into  the  eastern  portion 
of  Suffolk  County  the  water  divide  runs  decidedly  to  the  north  of 
of  the  surface  divide.  The  cross-section  showing  the  water  level 
from  the  north  to  the  south  shows  a  very  sharp  water  slope  on  the 
north  leadiug  down  to  the  Sound  and  a  gradual  slope  on  the  south 
leading  down  to  the  bays  connected  with  the  Atlantic  Ocean.  That 
is  due  probably  to  the  pressure  of  the  ice  sheet  consolidating  the 
material  on  the  north  shore,  and  also  to  the  much  greater  mixture  of 
clay  and  loam  on  the  north  shore  than  on  the  south  shore.  On  the 
north  side  wells  can  be  driven  at  almost  any  point  near  the  shore  in 
the  middle  section  of  the  Island,  and  you  will  obtain  practically  an 
artesian  well.  The  friction  head  in  forcing  the  water  through  the  sand 
is  so  great  that  it  will  force  the  water  out  of  the  well,  rather  than 
through  the  compact  material  on  the  north  shore.  The  practical  ad- 
vantage to  be  derived  from  this  outlining  of  the  true  water-shed  would 
be  the  determination  of  the  amount  of  ground  water  which  could  be 
available  from  any  portion  of  the  wrater-shed,  and,  of  course,  having 
the  actual  water-shed,  instead  of  what  the  surface  indications  would 
give  as  the  theoretical  water-shed,  we  can  tell  more  definitely  the 
exact  amount  of  surface  and  ground  water  which  should  be  obtained 
from  various  parts  of  the  Island.  The  Commission's  whole  line  of 
work  was  on  the  basis  of  recommending  the  development  of  the 
underground  supply,  because  Long  Island,  being  naturally  a  sub- 
urban residential  section  for  the  city,  would  be  settled  and  developed 
too  rapidly  to  permit  of  the  surface  supply  being,  utilized  very  much 
longer  without  filtration. 

Mr.  de  Varona,  Chief  Engineer  of  the  Department  for  the  Borough 
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of  Brooklyn,  previous  to  the  formation  of  the  Commission,  or  just 
■uboeqiient  to  its  formation,  had  made  some  determinations  of  the 
rote  oi  ll.'w  through  the  sand.  The  Commission  also  took  up  and 
followed  out  the  question  of  the  rate  of  flow  through  the  sand,  and 
they  have  made  some  interesting  studies  in  that  connection. 
The  met  bod  adopted  was  one  devised  by  Prof.  Slichter,  of 
the  U.  S.  Geological  Survey,  which  consisted  in  driving  wells  at  short 
distances  apart, —one  well  up  stream,  then  two  just  below  that,  so  as 
to  interc  ept  the  probable  line  of  flow,  and  then  three  or  mere  at  a 
short  distance  below  that,  and  then  dose  the  upper  well  with  some 
form  of  electrolytic,  usually  sal  ammoniac,  and  connect  the  upper 
well  with  an  insulated  rod  in  the  lower  well  and  observe  the  deflection 
on  a  voltmeter,  or  the  current  shown  on  an  ammeter,  and  when  the 
electrolytic  first  struck  the  lower  well  there  would  bean  immediate 
rise  in  the  deflection,  as  the  poles  of  the  batteries  were  also  connected, 
one  to  the  outside  of  the  well  and  the  other  to  the  rod.  The  gradual 
flow  of  the  electrolytic  from  the  upper  well  to  the  lower  well  would 
be  shown  by  the  gradual  increase  in  deflection  on  the  voltmeter,  and 
the  time  in  which  it  reached  the  well  would  be  shown  by  the  rapid 
rise  when  the  poles  of  the  battery  were  connected  to  the  casing  of  the 
well  and  the  insulated  rod  in  the  well,  the  water  then  becoming  charged 
with  electrolytic,  and  therefore  offering  much  less  resistance  and 
showing  the  greater  deflection  on  the  voltmeter.  The  determinations 
made  by  the  Department  indicated  a  flow  of  about  30  ft.  to  10  ft.  per 
day  through  the  sand,  and  in  one  case  the  flow  was  found  to  be  slightly 
above  100  ft.  That  seemed  to  be  in  a  very  thin  bed  of  gravel,  and 
5  ft.  below  there  was  no  indication  of  anything  more  than  we  find  to 
be  the  normal, — about  30  to  10  ft.  The  measurements  taken  by  the 
Commission  were  mainly  in  the  vicinity  of  ponds  and  showed  a  very 
much  Lower  rate  of  flow.  Their  flow  varied,  I  think,  from  2£  to  about 
£>  or  10  ft.  per  day,  although  Prof.  Slichter  found  it  in  some  cases  to 
DC  equal  to  that  found  by  the  Department. 

J  >«  terminations  were  also  made  of  the. rate  of  water  passing  from 
tli<'  -  i r face  down  to  the  -at  n rated  bed.  In  the  centre  of  the  Island  the 
saturated  bed  is  from  100  to  120  ft.  below  the  surface  and  it  was  found 
that  at  a  depth  of  95  ft.  the  maximum  influence  of  a  heavy  storm  was 
frit  about  five  months  after  the  storm  occurred.  The  inhabitants 
tli.-rc  have  stated  that  the  influence  of  the  heavy  Fall  rains  would  not 
be  t-  It  for  throe  or  four  mouths  afterward,  but  I  do  not  know  of  any 
BXACl  determinations  made  previously.  In  this  case  it  took  about  five 
months  for  the  rainfall  to  reach  the  saturated  bed  Doit,  below  the 
sui  la...  making  the  rate  of  flow  al>oiit  £  ft.  per  day. 

Tin-  Commission  recommended  that  the  Department  extend  the 
Underground  system,  but  I  do  not  think  that  they  recommended  any 
particular  form  of  development.    It  would  rather  tax  your  patience  if 
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I  went  into  the  detail  of  the  method  recently  adopted  by  the  Depart- 
ment for  collecting  the  water  by  means  of  infiltration  galleries.  We 
have  up  to  the  present  time  utilized  the  driven  wells,  both  deep  and 
shallow,  but  the  wells  have  given  a  good  deal  of  trouble  with  clogging 
and  consequent  expense  in  maintenance,  and  also  the  large  expense  of 
maintaining  the  stations,  there  being  connected  with  the  Brooklyn 
supply  23  engine  houses,  forming  about  22  separate  stations. 

In  reference  to  filtration  of  the  Brooklyn  supply,  the  Department 
has  just  completed,  or  has  under  test,  two  mechanical  filter  plants  for 
the  surface  streams  which  are  nearest  the  city.  The  one,  which  lies 
south  of  Jamaica  is  the  largest  stream  on  the  old  watershed  east  of 
Hempstead  Valley,  and  has  an  average  daily  flow  of  about  5  000  000 
gals,  and  will  be  filtered  by  mechanical  filters.  The  next  stream  to  the 
east,  where  the  flow  is  about  2  500  000  gals,  a  day.  will  also  be  filtered 
with  mechanical  filters.  Provision  has  been  made  for  two  filters  of 
the  slow  sand  type  for  two  of  the  streams  further  east.  In  this  case 
the  Department  has  utilized  the  underground  water  level  to  prevent 
the  loss  of  the  filtered  water,  and  thus  do  away  with  the  cost  of 
masonry  construction.  The  under-drains  are  laid  just  below  the 
normal  ground  water  level  and  the  beds  are  then  constructed  without 
any  attempt  to  make  particularly  water-tight  banks,  and  thus  saves  the 
expense  for  any  lining  or  embankment.  In  this  manner  the  supply 
will  be  one  of  the  naturally  filtered  underground  water,  which  will 
pass  into  the  drains  together,  with  the  surface  filtered  water.  One  of 
these  beds  has  just  been  completed  and  will  probably  be  put  in  opera- 
tion within  a  month.  The  other  plant  is  in  course  of  construction  and 
probably  will  be  put  in  operation  in  the  Spring.  In  one  case  the  sand 
was  used  without  any  washing,  as  the  area  which  could  be  utilized 
was  large  and  the  flow  to  be  filtered  was  small.  The  beds  w  ere  not 
underlaid  with  gravel,  simply  having  gravel  surrounding  the  under- 
drains.  In  the  other  case,  the  site  of  the  bed  is  to  be  excavated,  a 
layer  of  gravel  placed  beneath  the  entire  bed  and  the  drains  surrounded 
with  gravel  in  the  usual  manner,  and  the  sand  is  to  be  washed.  It  is 
expected  that  the  contractor  will  have  no  difficulty  in  washing  the  sand 
which  is  excavateci  from  the  site  of  the  beds.  The  excavation  allows 
for  a  large  wastage  and  it  is  expected  that  the  cost  of  the  sand  will 
only  be  the  cost  of  washing. 

I  think  I  have  covered,  as  far  as  I  know,  the  work  done  on  Long 
Island  by  the  Additional  Supply  Commission.  The  work  which  was 
done  up  the  State,  which  was  very  varied  and  covered  an  extremely 
large  area,  both  in  ground  covered  and  methods  used,  analyses  of 
wrater,  mode  of  observations,  and  surveys  made,  is  probably  better 
known  to  some  of  the  other  gentlemen  here  than  it  is  to  myself. 

The  Pbesident. — Long  Island  presents  some  of  the  most  interesting 
problems  in  water  supply  which  can  be  found  anywhere  in  this  country. 
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The  system  i>  known  all  over  the  world.  It  Las  had  connected  with 
it  some  very  famous  men,  such  men  as  James  P.  Kirkwood,  Moses 
Lane,  Julius  W.  Adams,  with  McAlpin  and  Worthen  as  consulting 
engineers.  Some  remarkable  things  can  be  found  along  the  Brooklyn 
wati  rshed.  Some  of  yon  may  have  seen  in  the  neighborhood  of  ft  little 
place  known  as  Millburn,  a  reservoir  designed  to  hold  some  hundreds 
of  millions  of  gallons  (500  000  000?),  I  think,  which  has  been  com- 
pleted for  eight  or  ten  years.  It  had  water  in  it  once  for  a  few  daje, 
but  there  was  such  a  flooding  of  the  surrounding  country  that  they 
have  not  dared  to  fill  it  since.  The  last  I  heard  of  the  Millburn 
Reservoir  was  when  an  old  acquaintance  of  mine  called  on  me  to  a.ck 
if  I  did  not  think  I  had  enough  influence  with  the  city  officials  to 
secure  from  them  a  permit  to  use  it  as  a  baseball  ground.  He  at  tliLt 
time  was  manager  of  the  Baldwins  baseball  nine.  But  I  had  not  the 
courage  to  endorse  his  application. 

In  a  recent  conversation  with  Mr.  Birdsall,  he  told  me  of  an  intei- 
view  at  which  were  present  Mr.  Kirkwood,  Mr.  Lane,  Mr.  McAlpin 
and  Mr.  Francis  of  Lowell,  during  which  Mr.  Adams  had  used  an 
expression  then  which  he  had  always  remembered.  They  were  discus- 
sing the  capability  of  very  tine  sand,  to  resist  the  flow  of  water  through 
it.  Mr.  Adams  described  this  as  "the  fatigue  of  water,"  meaniug,  I 
presume,  that  the  water  had  so  many  obstacles  to  encounter  that  it 
became  tired  and  could  get  no  further. 

Mr.  Jackson.  —There  is  little  occasion  for  a  discussion  of  the  san- 
itary significance  of  normal  chlorine  determinations,  as  it  is  already 
well  understood  by  engineers  and  sanitarians  who  have  to  do  with 
problems  relating  to  water  supply.  It  is  well  known  that  normal, 
unpolluted  waters  which  are  near  the  sea  are  high  in  chlorine  (com- 
mon salt)  contents,  and  that  the  salt  found  gradually  decreases  as 
waters  more  and  more  remote  from  the  sea-coast  are  examined. 

It,  then,  we  draw  lines  connecting  regions  having  an  equal  amount 
of  common  salt  in  the  water,  we  shall  find  that  in  a  general  way  these 
lines  follow  the  coast,  and  increasingly  diverge  from  each  other  u>  we 
go  inlaud.  A  map  so  drawn  contaiuing  these  lines  of  equal  chlorine 
(isochlors)  will  immediately  show,  within  the  area  covered,  how  much 
salt  may  be  found  in  a  normal,  unpolluted  water  from  any  particular 
district.  By  a  comparison  of  the  salt  contents  of  any  water  under 
examination  with  that  to  be  expected  from  the  figures  for  normal 
ohlorine  for  that  region,  the  excess  of  salt  present  over  the  normal  is 
il<  tt-rin iiiod.  In  sea-coast  States  this  excess  of  salt  only  rarely  comes 
from  mineral  deposits,  but  is  almost  invariably  due  to  previous  con- 
tamination from  house  or  barn  drainage.  This  is  brought  about  by 
the  svell-Unown  fact  that,  in  all  animal  economy  a  certain  amount  of 
c. unmon  salt  is  absorbed  and  later  expelled.  While  this  salt  plays  an 
important  n>le  in  the  blood,  in  the  formation  of  gastric  juice,  and  in 
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many  other  physiological  processes,  it  is  unlike  all  other  important 
elements  in  that  it  is  practically  all  expelled  from  the  body  in  exactly 
the  same  state  in  which  it  is  absorbed. 

This  salt,  which  is  so  soluble  in  water,  forms  a  part  of  the  drainage 
of  the  region  in  which  it  is  expelled,  and  must  eventually  become 
mixed  with  the  general  run-off  for  that  region.  The  average  amount 
of  salt  entering  the  drainage  of  any  particular  district  is  so  constant 
for  each  inhabitant  that  it  has  even  been  claimed  that  the  number  of 
people  living  on  a  drainage  area  may  be  very  closely  estimated  from 
the  average  run-off  and  the  excess  of  chlorine  over  the  normal. 

New  York  produces  more  salt  than  any  other  State  in  the  Union, 
and  it  would  be  natural  to  suppose  that  these  salt  deposits  would 
interfere  materially  with  the  estimation  of  pollution.  Such,  however, 
has  not  been  found  to  be  the  case.  The  salt  beds  are  pockets  which 
have  only  a  local  influence,  and  normal  waters  may  be  found  within  a 
very  narrow  range  of  these  deposits.  This,  unfortunately,  does  not 
held  true  in  States  further  inland,  where  the  natural  salt  in  the  soil 
has  had  less  opportunity  to  be  washed  into  the  sea.  In  the  inland 
States  these  pockets  are  apparently  of  so  wide  an  area,  and  exert  so 
broad  and  variable  an  influence,  that  the  determination  of  chlorine, 
except  in  special  cases,  is  practically  valueless  for  sanitaiy  purposes. 
In  such  States  no  chlorine  maps  are  possible,  and  the  normal  chlorine 
is  of  necessity  practically  zero.  Artificial  normals  for  any  lake  or 
stream  may,  however,  be  used  to  advantage  in  determining  pollution, 
as,  for  instance,  the  determination  of  the  amount  of  chlorine  added  to 
a  river  by  any  particular  city  on  its  banks.  The  difference  between 
the  chlorine  in  the  river  above  and  below  the  city  gives  valuable  data 
as  to  the  extent  of  contamination  brought  about  by  the  city  drainage. 

In  an  estimate  of  the  extent  of  pollution  in  a  water  there  is 
one  important  pomt  which  must  be  noted.  While  the  water  may 
contain  a  considerable  a^mount  of  salt  due  to  pollution,  the  dangerous 
elements  of  this  pollution  may  have  been  entirely  removed,  and  it  is 
necessary  to  bring  to  bear  vaiious  other  chemical  as  well  as  biological 
data  in  making  a  proper  judgment  as  to  the  value  of  the  water  for 
drinking  purposes. 

To  properly  draw  the  isochlors  for  any  State,  it  is  necessary  to 
first  obtain  a  large  number  of  analyses  for  chlorine  in  waters  taken 
at  different  seasons  over  the  entire  area  to  be  covered.  The  largest 
amount  of  data  is  required  near  the  sea  coast,  where  the  variations  in 
a  limited  area  are  greatest.  The  presence  of  mountains  or  of  islands 
near  the  coast  have  a  tendency  to  deflect  the  isochlors  toward  the  sea. 
Areas  exposed  to  the  prevailing  winds  from  the  ocean  receive  a  pro- 
portionately larger  amount  of  salt,  and  the  isochlors  are  deflected 
away  from  the  coast.  The  natural  conclusion  from  these  observa- 
tions is  that  the  lower  layers  of  the  atmosphere  from  which  the 
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moisture  is  more  easily  precipitated  contain  by  far  the  greater  por- 
tion of  the  salt. 

The  normal  chlorine  map  of  New  York  State,  which  accompanies 
this  article,  is  the  result  of  analyses  made  over  a  period  of  six  years, 
and  represents  the  ideas  drawn  from  several  thousand  samples  of 
water.  The  largest  number  of  samples  were  examined  on  Long  Island, 
Staten  Island,  and  near  the  coast  on  the  mainland,  where  the  differ- 
ences of  chlorine  were  greatest  over  a  limited  area. 

The  isochlors  for  Vermont  were  drawn  from  figures  kindly  sub- 
mitted by  Mr.  C.  P.  Moat,  Chemist  of  the  Vermont  State  Board  of 
Health.  The  Massachusetts  lines  are  only  slightly  changed  from 
those  published  in  the  Report  on  the  Examination  of  Water  Supplies, 
Massachusetts  State  Board  of  Health,  1890.  The  Connecticut  lines 
are  practically  the  same  as  those  published  in  the  1902  Rej)ort  of 
the  Connecticut  State  Board  of  Health,  by  Dr.  Herbert  E.  Smith, 
Chemist  for  the  Board,  and  Dr.  Frederick  S.  Hollis. 

The  four,  five  and  six  lines  which  have  been  added  to  the  Con- 
necticut map  are  partially  from  data  recently  submitted  by  Dr. 
Smith.  Valuable  figures  and  suggestions  have  also  been  received 
from  Dr.  H.  E.  Barnard,  Chemist  of  the  New  Hampshire  State  Board  of 
Health.  Some  figures  obtained  by  Dr.  W.  S.  Myers,  of  the  New 
Jersey  Geological  Survey,  have  also  been  used  to  advantage. 

It  will  be  seen  that  the  Catskill  and  Adirondack  Mountains  cause 
deflections  in  the  isochlors  towards  the  coast,  due  to  the  precipitation 
on  their  southern  slopes  of  the  rains  in  the  lower  layers  of  the  atmos- 
phere. 

It  will  also  be  noted  that  Long  Island  has  a  remarkable  effect  in 
lowering  t  he  chlorine  on  the  mainland.  The  lowest  isochlor  on  the 
mainland  is  3.0  parts  per  million,  whereas  if  it  were  not  for  the 
protecting  influence  of  the  Island  it  would  undoubtedly  be  6.0  parts 
per  million.  Artesian  wells  in  Manhattan  Borough  have  been  found 
which  have  a  chlorine  content  of  as  low  as  2.0  parts  per  million,  but 
these  may  be  considered  to  be  below  normal  and  to  consist  of  water 
from  some  distance  north  of  the  point  from  which  they  are  drawn. 

The  following  is  a  list  of  some  of  the  waters  which  have  had  an 
influence  upon  the  establishment  oi  the  isochlors  for  New  York  State: 

N  Chlorine-  Parts 

ISa,lu  •  per  million. 

So, ma,-  Lake  Village  Saranac  Lake   0.3 

M  11         44   Saranac  River    0  3 

Ka^liaijua   Kashaqua  Lake   0.3 

Oswego  McKenzie's  Pond   0.3 

44   Silver  Lake   0  3 

Watertuu  n   .  .    Water  Supply    0.3 

Soiivea  Spring   0  3 
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Name.  Chlorine- Parts 

per  million. 

Glens  Falls  Hudson  River   0.4 

Grand  Hotel  Station  Ulster  Co   0.4 

Troy  Lake  Ida   0.4 

Ashland  Batavia  Kill   0.4 

Oak.  Catskill  Creek   0.4 

Cooksburg   "  "    0.4 

East  Durham   "  "    0.5 

Shokan  Esopus  Creek   0.5 

Hasbrouck  Neversink  River   0. 6 

Glen  North  of  Rifton  Black  Creek   0.6 

Prattsville  Schoharie  Creek  *  0.6 

Clinton  Hollow  Little  Wappinger  Creek   0.6 

Liberty,  Sullivan  Co  Spring  No.  1   0.6 

"  "        "  .   "     No.  2   0.7 

41   "     No.  3   0.6 

Kingston  Esopus  Creek   0.8 

Randall  Bridge   Rondout  Creek   0.8 

Middleton  Mohegan  Lake   0.9 

 Highland    "    1.0 

Millerton  Webotuck  Creek   1.0 

Fishkill  Whalen  Pond   1.0 

 Sprout     "    1.0 

Boyd  s  Corner  Reservoir  Cold  Spring  Brook   1.0 

<<         "  "    1.2 

White  Lake   1.2 

East  Branch  Reservoir   1.3 

 Tonetta  Brook   1.3 

Middle  Branch   "    1.4 

Sodom  Reservoir.   1.4 

Suffern   Mahwa  River   1.4 

"   Ramapo    "    1.4 

Kirk  Lake   1.4 

Lake  Gilead   1.4 

Hillburn  Ramapo  River   1.4 

Muscoot  Reservoir   1.5 

Croton  Lake    1.5 

Tuxedo  Park  Spring   1.7 

Katonah  Cross  River   1.8 

Williamsbridge   Reservoir   2.2 

Kensico  Reservoir   2.2 

Glen  Park  Pumping  Station   2.2 

Rye  Pond   2.6 

Yonkers  Grassy  Sprain  Reservoir   2.8 

Tarry  town  Spring   2.9 


114 


WATEB  SUPPLY  FOR  THE  CITY  OF  NEW  YORK. 


Staten  Island  Waters. 

„  Chlorine— Parts 

IName-  per  million. 

Stai)leton   .Water  Supply   6.0 

Clifton   "         u    6.0 

Tottenville  Water  Tap   6.0 

Richmond  Turnpike  Station  .  Crystal  Water  Supply  Co   6.2 

Long  Island  Wafers. 

Hempstead  Well,  1£  miles  N.  E   3.0 

"   Stream  at  Source   3.8 

Massapequa  Stream  Upper  End   4.0 

Great  River  Counetquot  Stream   4.0 

Babylon  Stream   4.0 

"    u    2  miles  North   4.6 

"   Waterworks   4.8 

  1£  miles  North   4.0 

 Well   5.0 

44   Pond   5.1 

Central  Islip    Well  \  mile  North..   .  ....  4.0 

Islip  Stellenwerf  Stream   4.0 

"   Well  1  mile  South   4.0 

"   Beaver  Brook,  1£  mile  North.  ...  4. 1 

44     Bayshore  Supply   4.4 

44   Orowoc  Creek   4.4 

"   Doxie's  Stream   4.4 

Patohogue  River   4.0 

44   Swan  Creek   4.4 

"   Water  Supply    4.4 

*'   Pond  2  miles  North   4.0 

 Tuttle  Creek   5.2 

 Well   6.1 

Deer  Park  Well  2  miles  North   4.2 

Mellville  Station  Well   4.2 

Mellville  Weil  U  miles  Southeast   4.7 

Smithtowu  Stream  1  mile  South   4.2 

Port  Jefferson  Town  Water  Supply   4.4 

Konkonkoma  Lake  1  mile  North    4.4 

Sumpawampus  Creek   4.6 

Brookhaven  Counetquot  River   4.6 

EloeljD   Nassau  Litfht  \-  Power  Co   4.0 

Kusl  Meadow  Stream   Source   4.8 

.Man..,-  Well  LJ  miles  South   4.0 

4  4    4  4    1  mile  North   (5.4 

44    Stream   7.0 
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*r  _Q  Chlorine— Parts 

Name-  per  million. 

Sayville  (tap)  Patchogue  Water  Supply   5.0 

 Edward's  Creek   6.8 

East  Moriches  Mastic  Kiver,  £  mile   5.0 

Moriches  Well    7.4 

Medford  Station   "    5.1 

Selden   "   1|  miles  East   5.2 

Long  Pond   Pond   6.0 

Northport  Town  Water  Supply   6.0 

Huntington   "         "  "    6.2 

"   Stream  1  mile  Southeast   7.0 

Greenlawn  Stream   6.7 

Kings  Park  Stream   7.0 

Wading  Kiver  Spring   10.0 

Mattituck  Pond   12.9 

Montauk  Well  h  mile  East  Station   15.8 

Aqueboque   "      16.4 

Amagansett  Well  near  Station   16.5 

Sag  Harbor  Spring  \\  miles  Southeast   17.2 

Bridgehampton  Well  \\  miles  Southeast  of  Station.  30.8 

C3  reen  port  Well   61.8 

There  is  one  point  which  is  sometimes  lost  sight  of  in  the  investi- 
gation of  water  supply  and  that  is  the  value  for  industrial  purposes. 
Generally  speaking,  those  streams  east  of  the  Hudson  are  over  a  bed 
of  limestone  and  the  waters  there  are  quite  hard.  On  the  other  hand, 
the  Esopus,  which  is  on  the  west,  is  a  very  soft  water  and  a  very  fine 
water  for  industrial  purposes,  as  well  as  for  drinking.  One  of  the 
reasons  why  the  Hudson  River  was  put  third  on  the  scheme  in  pick- 
ing out  the  sources  of  future  supply  was  on  account  of  the  immense 
amount  of  clay  and  suspended  matter  which  at  times  occurs  in  the 
river.  It  would  be  at  times  impossible  by  sand  filtration  to  remove 
all  of  that  clay  and  it  would  be  practically  as  expensive  to  niter  the 
Hudson  River  as  to  go  farther  north  for  a  water  which  needs  no  fil- 
tration. 

Mr.  Blum. — Have  any  experiments  ever  been  made  on  behalf  of  the 
city  to  use  salt  water  instead  of  fresh  water? 

The  President. — You  mean  for  fire  purposes?  ]  donM  know  us 
anything  has  been  done.  The  organization  known  as  fche  Manufac- 
turers' Association  has  been  hammering  away  for  :5  or  1  years  and 
thought  they  had  pretty  nearly  accomplished  their  purpose.  In  the 
dry  goods  district  salt  water  mains  were  introduced  for  tire  purposes. 
There  has  been  a  good  deal  of  complaint  as  to  the  supply  over  there, 
and  at  the  recent  burning  of  the  Academy  of  Music  the  situation  was 
an  exceedingly  serious  one,  far  more  serious  than  made  public. 


116  WAXES  SUPPLY  FOR  THE  CITY  OF  NSW  YORK. 


Mb.  Brush. — A  16-in.  main  is  under  contract  now  for  laying  from 
our  high  service  Mt.  Prospect  Tower,  back  of  the  lar*ge  dry  goods 
stores,  then  following  down  to  Fulton  Street  and  from  the  City  Hall 
down  to  very  near  the  river  front,  and  provision  is  made  for  a  con- 
nection down  to  the  river  front,  where  fire-boats  can,  in  future, 
connect.  The  mains  will  be  used,  after  completion,  for  an  additional 
Bervioe  to  the  Heights  District,  the  boundary  of  which  was  imme- 
diately adjoining  the  site  of  the  Academy  of  Music,  and  one  of  the 
difficulties  experienced  there  was  the  time  required  in  opening  up  the 
high  service  to  give  the  engines  water  at  the  time  of  the  fire.  The 
Ac  ademy  being  on  the  boundary  line  between  the  high  and  low  ser- 
vice, and  the  mains  being  small,  6-in.  and  8-in.,  the  flow  is,  of  course, 
exceedingly  slight,  and  several  of  the  engines  were  without  water  until 
the  high  service  was  opened.  The  actual  use  of  salt  water  for  fire 
purposes  is  very  small. 

The  President. — In  expressing  my  regret  that  Prof.  Burr  did  not 
appear  to  give  his  talk,  there  is  yet  one  very  comforting  thought 
which  comes  to  me,  and  that  is,  that,  although  the  paper  which  was 
announced  has  not  been  presented,  it  has  been  possible  to  secure  a 
very  entertaining  and  interesting  discussion.  I  think  it  is  excellent 
evidence  of  the  good  material  there  is  in  this  Society,  for  discussion 
after  all  is  going  to  be  the  best  part  of  our  work. 
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OF 

Mr.  Nelson  P.  Lewis,  President  of  the  Municipal  Engineers 
of  the  City  of  New  York. 

Pkesented  at  the  Annual  Meeting  of  the  Society,  Jan.  27th,  1904. 

Article  VII  of  the  by-laws  of  the  Municipal  Engineers  of  the  City 
of  New  York  requires  the  retiring  president  to  make  an  annual  address 
reviewing  the  progress  of  municipal  engineering  work  in  New  York 
and  the  work  of  the  Society. 

By  your  leave  I  shall  reverse  the  order  above  given,  and  first 
briefly  review  the  development  of  the  Society  from  its  first  inception 
to  the  present  time,  at  the  risk  of  repeating  some  of  the  information 
more  formally  laid  before  you  in  the  annual  report  of  the  Board  of  Di- 
rectors, which  comprises  the  reports  of  the  officers  and  committees. 

O.i  October  3d,  1902,  a  few  engineers,  representing  seven  of 
the  departments  of  the  city  government,  met  for  an  informal  discus- 
sion as  to  the  advisability  of  attempting  the  formation  of  an  association 
or  society  composed  of  the  engineers  in  the  service  of  the  City  of  New 
York. 

The  result  of  this  conference  made  it  clear  that  there  was  a  field  for 
such  an  organization,  and  those  who  attended  it  constituted  them- 
selves a  committee  to  interview  the  engineers  of  the  various  branches 
of  the  municipal  service.  A  committee  on  temporary  organization 
composed  of  42  engineers  representing  14  different  branches  of  the 
city  government  issued,  on  February  16th,  1903,  a  call  for  a  general 
meeting  of  all  engineers  in  the  city  service.  This  meeting  was  held  at 
the  house  of  the  American  Society  of  Mechanical  Engineers  on  Feb- 
ruary 25th,  and  was  attended  by  about  250  engineers,  a  number  which 
showed  such  a  widespread  interest  in  the  movement  that  its  success 
was  assured.  At  this  meeting  a  committee  was  appointed  to  prepare 
a  form  of  constitution  for  the  proposed  society. 

At  a  special  meeting  held  on  April  3d,  1903,  this  committee  pre- 
sented its  draft  of  a  constitution  which,  after  some  discussion  and 
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amendment,  was  adopted.  The  meeting  also  selected  a  committee 
to  nominate  candidates  for  permanent  officers,  and  to  report  such  nom- 
inations at  a  meeting  to  be  held  on  April  22d,  as  the  first  regular  meet- 
ing of  the  Society  under  the  adopted  constitution.  A  committee  was 
also  appointed  to  secure  a  paper  to  be  read  at  that  meeting. 

From  April  23d  to  the  present  time,  monthly  meetings  have  been 
held,  at  which  papers  have  been  presented  and  discussed.  At  the 
December  meeting  the  member  who  was  to  have  presented  the  paper 
was  prevented  from  doing  so,  and  as  there  was  a  large  attendance  the 
situation  was  an  embarrassing  one.  Nothing,  however,  has  more  fully 
demonstrated  the  fact  that  the  Society  has  an  excuse  for  its  existence, 
and  that  it  comprises  an  abundance  of  good  material,  than  the  fact 
that  without  the  stimulus  of  a  paper  there  was  a  spirited  and  profita- 
ble impromptu  discussion  of  the  subject  which  had  been  announced. 
That  the  social  features  of  the  organization  are  not  to  be  lost  sight  of, 
was  evidenced  by  an  attendance  of  110  at  the  first  annual  dinner  which 
was  held  at  the  Park  Avenue  Hotel  on  January  14th,  of  the  present 
year. 

The  total  enrolment  at  the  beginning  of  the  year  was  346,  but 
some  who  enrolled  have  failed  to  consummate  their  membership  by 
the  payment  of  dues,  and  the  number  of  members  in  good  standing  at 
the  present  time  is  306  drawn  from  19  different  branches  of  the  public 
service. 

The  story,  as  you  will  see,  is  a  short  one,  but  it  is  significant  and 
full  of  promise.  It  is  doubtful  if  another  instance  can  be  found  where 
a  professional  organization  occupying  a  limited  field  has  in  so  short  a 
time  absorbed  as  large  a  proportion  of  those  eligible  for  membership. 
It  can  and  will  be  still  further  extended,  and  the  prediction  is  conti- 
dcutly  made  that  it  will  exert  a  powerful  influence  upon  the  municipal 
work  of  the  city,  and  give  to  its  members  an  excellent  return  for  the 
time  and  money  which  they  devote  to  it. 

As  to  the  progress  of  municipal  engineering  work  in  New  York  City, 
the  purpose  of  the  by-laws  can,  in  this  first  annual  address,  be  best 
Served  by  a  brief  review  of  the  conditions  resulting  from  the  consoli- 
dation of  the  different  municipalities  and  communities  which  went  to 
make  up  the  present  City  of  New  York.  An  endeavor  will  therefore 
he  lnadc  to  consider  these  conditions  in  their  bearing  upon  the  engi- 
neering work  of  the  city. 
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On  March  -4th,  1897,  an  act  of  the  Legislature,  known  as  Chapter 
378  of  the  Laws  of  1897,  was  approved  by  the  Governor.  This  act 
created  one  great  city  out  of  the  territory  surrounding  the  harbor  of 
New  York  and  lying  within  the  limits  of  New  York  State,  with  an  area 
of  327  sq.  miles.  It  comprises  what  were  at  the  time  the  two  largest 
cities  of  the  State,  one  other  city,  and  numerous  towns  and  villages 
having,  in  1900,  an  aggregate  population  of  some  3|  millions.  It  in- 
cluded two  entire  islands  which  became  two  boroughs,  one  containing 
22  and  the  other  57  sq.  miles;  it  took  from  Long  Island  207  sq.  miles, 
out  of  which  were  created  two  additional  boroughs,  while  the  fifth 
borough  was  made  up  of  41  sq.  miles  taken  from  the  mainland  of  the 
City  of  New  York.  This  new  city  contained  approximately  one-half 
the  population  of  the  State;  it  had  an  area  one-sixth  that  of  Ehode 
Island,  and  more  than  one-fourth  that  of  the  State  of  Delaware. 

The  different  divisions — known  as  boroughs — varied  greatly  in 
population,  in  the  value  of  real  estate,  in  their  topography  and  in  the 
manner  of  conducting  their  affairs  and  in  carrying  out  public  improve- 
ments. To  consolidate  these  areas  by  legislative  action  into  a  political 
unit  was  a  comparatively  simple  matter,  but  to  make  them  a  physical 
entity  was  and  is  a  very  different  and  vastly  more  difficult  problem. 

Six  years  have  elapsed  since  the  legal  consolidation  took  place. 
The  confusion  and  perplexities  were,  during  the  first  year,  so  great 
that  little  was  accomplished,  but  physical  consolidation  is  now  in 
progress  and  will  continue  until  we  have  a  city  as  homogeneous  as  the 
characteristics  of  topography  and  people  will  permit. 

When  the  Greater  New  York  became  a  political  fact,  the  one  con- 
nection between  parts  of  the  city  separated  by  natural  barriers  was 
the  Brooklyn  Bridge;  those  spanning  the  Harlem  are  not  mentioned, 
inasmuch  as  both  sides  of  this  stream  were  already  one  city.  Now  a 
second  great  bridge  is  n earing  completion  and  is  already  in  partial 
use,  while  two  others  are  under  construction.  These  three  bridges 
with  their  approaches  will  doubtless  cost  fully  $60  000  000.  Besides 
this  the  city  has  under  construction  a  system  of  Rapid  Transit  rail- 
roads to  cost  over  $40  000  000,  including  one  tunnel  under  the  East 
River,  another  under  the  Harlem,  and  a  bridge  over  the  latter  stream. 

In  this  connection  mention  should  be  made  of  the  gigantic  enter- 
prises initiated  by  the  transportation  companies  designed  not  only  to 
weld  the  boroughs  more  firmly  together,  but  to  connect  them  with  the 
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outside  world.  These  include  two  double  tube  tunnels  under  the 
Hudson,  one  of  which  is  about  half  completed,  and  another  about  to 
be  commenced,  a  triple  tube  tunnel  under  the  East  Eiver  and  a  mod- 
ern four-track  railroad  which  is  to  traverse  the  borough  of  Queens 
and  connect  it  intimately  both  with  the  neighboring  borough  of 
Brooklyn  on  the  south,  and  with  the  mainland  borough  of  the  Bronx 
on  the  northwest  through  the  medium  of  a  fourth  great  bridge  over 
the  East  River.  Thus  all  of  the  boroughs  except  Richmond  will  soon 
have  great  highways  of  transportation  connecting  them  with  the  neigh- 
boring parts  of  the  city.  Richmond  too  will  have  her  turn,  and 
while  the  latest  study  for  an  extension  of  the  municipal  rapid  transit 
system  did  not,  as  was  hoped  and  expected,  include  a  tunnel  under 
the  Narrows,  it  cannot  be  long  before  such  a  connection  will  be  de- 
manded, and  provided,  if  not  by  the  city,  then  by  some  great  trunk 
line  which,  by  the  activity  of  its  rivals,  will  be  spurred  on  to  such 
action. 

Mention  has  thus  far  been  made  only  of  transit  facilities  between 
the  boroughs,  for  it  will  be  admitted  that  this  must  be  the  first  object 
attained  in  realizing  the  physical  consolidation  which  is  the  corollary 
and  natural  sequence  of  political  unity  and  without  which  the  latter 
would  be  a  dismal  failure.  Each  borough  has  also  its  own  serious 
transportation  problems,  the  duty  of  solving  which  has  thus  far 
devolved  upon  the  transit  companies  now  occupying  the  field  and 
which  they  have  performed  with  but  indifferent  success.  Sometimes 
we  think  they  have  utterly  failed,  but  in  no  city  of  the  world  is  this 
problem  so  difficult.  The  general  dissatisfaction  may  yet  result  in 
adding  these  duties  to  the  many  others  which  the  municipal  engineers 
of  New  York  are  called  upon  to  assume. 

Next  to  bridges  and  rapid  transit,  the  department  whose  engineer- 
ing work  has  greatly  expanded  and  has  extended  over  the  entire 
metropolitan  district  is  that  of  water  supply.  Manhattan  and  The 
Bronx,  or  the  old  City  of  New  York,  had  an  extensive  and  costly  grav- 
ity system  before  consolidation.  Brooklyn  had  a  system  of  an  entirely 
different  type,  every  gallon  of  water  being  lifted  a  height  of  from  170 
to  2<>0  It.  before  being  available  for  use.  hut  the  boroughs  of  (Queens 
and  Richmond  were  dependeut  for  their  supply  almost  wholly  upon 
private  companies.  The  present  policy  of  the  city  is  to  acquire  all 
of  the  independent  companies  and  to  gradually  municipalize  the 
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entire  business  of  supplying  water.  While  the  former  systems  are 
necessarily  maintained  in  their  integrity,  the  administration  has  be- 
come centralized,  and  an  extensive  and  thorough  investigation  has 
been  made — with  which  you  all  are  familiar — to  develop  an  additional 
supply  which  shall  be  truly  metropolitan. 

The  water  front  improvements,  which,  under  the  jurisdiction  of 
the  Department  of  Dock  and  Ferries,  were  a  conspicuous  feature  of 
the  municijDal  activities  of  the  former  City  of  New  York,  have  been 
extended  to  the  new  boroughs,  and  here  also  the  metropolitan  idea 
prevails. 

Under  the  first  Greater  New  York  Charter  the  idea  of  centraliza- 
tion went  much  further.  The  borough  presidents  had  little  power, 
and  few  and  unimportant  duties.  Control  over  the  mapping  of  the 
boroughs,  paving  of  streets  and  building  of  sewers,  which  had  always 
been  deemed  local  matters,  were  vested  in  officers  whose  jurisdiction 
extended  over  the  entire  city.  The  results  were  so  unsatisfactory  that 
the  Charter  was  amended,  giving  to  each  borough  president  exclusive 
authority  over  all  this  class  of  work.  The  topographical,  highway 
and  sewer  work  of  each  borough  is  now  under  the  control  of  engineeis 
reporting  directly  to  the  borough  president  or  his  representative.  In 
only  one  of  the  boroughs,  however,  is  there  a  strictly  engineering 
organization,  with  a  chief  borough  engineer  to  whom  all  assistants  in 
charge  of  bureaus  make  their  reports. 

This  policy  has  proven  much  more  satisfactory  in  that  the  accom- 
plishments have  been  far  greater,  though  it  has  the  disadvantage  that 
there  is  not  the  uniformity  of  practice  and  standards  for  work  of 
the  same  kind  in  the  different  boroughs  which  is  desirable. 

As  to  the  topographical  work,  or  the  completion  of  the  plan  of  the 
city,  it  has  been  frequently  claimed  that  there  was  a  distinct  loss  of 
efficiency  resulting  from  the  amendment  to  the  Charter  which  took 
the  control  of  this  work  from  the  President  of  the  Board  of  Public 
InijDrovenients  and  vested  it  in  the  borough  presidents,  in  that  the 
unity  of  purpose  upon  which  a  successful  city  plan  depends  is  impos- 
sible if  each  borough  president  follows  his  own  ideas  without  regard 
to  those  of  any  of  the  others.  The  boroughs  in  which  this  work 
remains  to  be  done  are  isolated  from  each  other,  and  there  can  be  no 
connection  between  their  street  systems.  The  planning  may  be  done 
with  a  greater  degree  of  intelligence  and  skill  in  one  borough  than 
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in  another,  but  greater  progress  lias  thus  far  been  made  than  seemed 
to  be  possible  under  the  previous  organization.  There  is  still  an 
opportunity  for  excellent  work.  In  a  recent  report  submitted  to  the 
Board  of  Estimate  and  Apportionment  the  speaker  referred  to  this 
subject  in  language  which  he  takes  the  liberty  to  repeat: 

"An  exceptional  opportunity  for  the  establishment  of  admirable 
street  plans  for  the  boroughs  of  Queens  and  Richmond  is  now  pre- 
sented. Their  topography  is  varied,  and  there  are  many  attractive 
natural  features  which  could  be  availed  of  in  an  intelligently  planned 
street  system.  Good,  conscientious  work  is  being  done  by  the  topo- 
graphical bureaus  of  both  these  boroughs  in  preparing  detailed  street 
plans  for  different  sections  of  the  territory  comprising  them,  and  no 
reflection  upon  the  quality  and  intelligence  of  their  work  is  intended 
when  it  is  suggested  that  the  most  expert  advice  obtainable  be  secured 
to  recommend  a  skeleton  system  of  main  thoroughfares  for  the  terri- 
tory yet  unmapped.  It  would  be  only  a  plan  for  a  system  of  arterial 
streets  which  would  take  advantage  of  the  many  natural  beauties  now 
existing,  preserving  and  emphasizing  them  rather  than  obliterating 
them  by  a  mechanical,  rectangular  street  plan. 

"Such  an  outline  plan  would  control  the  detailed  plotting,  which 
could  be  readily  adapted  to  it,  and  I  feel  confident  that  the  presi- 
dents of  these  boroughs  and  their  topographical  engineers  would  be 
greatly  relieved,  and  would  find  their  work  progress  more  satisfac- 
torily if  they  had  the  advantage  of  a  well-considered  system  of  gov- 
erning streets  covering  the  entire  territory  for  which  each  is 
responsible. 

"There  can  be  no  doubt  but  that  the  expenditure  of  a  few  thousand 
dollars  for  such  advice  would  be  of  incalculable  benefit  to  the  entire 
city.  The  plans  of  Manhattan  and  Brooklyn  and  The  Bronx  are  so 
well  established  that  no  material  change  can  well  be  made.  The  mis- 
takes of  the  two  first  named  are  so  generally  recognized  as  to  require  no 
comment.  Many  of  them  were  avoided  in  The  Bronx,  but  the  prin- 
cipal hope  for  really  admirable  street  plans  is  now  centered  iu  the 
suburban  boroughs,  and  the  time  to  realize  this  hope  has  arrived. 
Expert  advice  will  be  worth  far  more  if  obtained  in  the  immediate 
future  than  if  at  a  later  day,  and  it  is  earnestly  recommended  that  the 
policy  above  suggested  be  adopted." 

A  few  of  the  most  conspicuous  features  of  the  work  of  the  last  two 
years  in  the  different  boroughs  will  be  briefly  enumerated: 

In  Manhattan  there  were  comparatively  few  of  what  are  generally 
called  local  improvements,  us  that  part  of  the  city  is  almost  entirely 
built  up.  It  may  be  a  matter  of  some  surprise,  however,  to  know 
that  a  number  of  t  he  sewers  which  have  been  authorized  have  been  on 
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the  louver  part  of  Manhattan  Island,  and  in  streets  where  public 
sewers  have  not  heretofore  existed.  There  are  still  many  blocks  on 
Broadway  where  there  are  no  such  sewers. 

The  drainage  of  the  lower  part  of  Manhattan  Island,  with  a  marked 
ridge  running  approximately  along  its  center,  has  permitted  a  com- 
paratively simple  and  inexpensive  drainage  plan,  and  block  after 
block  containing  buildings  from  10  to  20  stories  in  height  secure  their 
drainage  through  sewers  in  side  streets.  A  number  of  these  have  had 
to  be  reconstructed  of  late,  as  the  demands  imposed  upon  them  by  the 
large  office  buildings  have  been  greater  than  they  could  meet. 

The  most  conspicuous  improvement  which  has  been  undertaken  is 
the  extension  of  Riverside  Drive  from  the  end  of  the  present  via- 
duct across  the  Manhattan  Valley  to  Boulevard  Lafayette.  This  will 
be  the  most  pretentious  boulevard  the  city  has  ever  attempted,  the 
plans  having  been  prepared  for  the  Borough  President  by  Mr.  F. 
Stewart  Williamson,  a  member  of  this  Society.  The  speaker  has  ven- 
tured to  express  the  hope  that  this  is  only  the  beginning  of  the  ex- 
tension of  the  Riverside  Drive  and  that  it  will,  within  a  few  years,  be 
carried  across  the  Dyckman  Street  valley  and  Spuyten  Duyvil  Creek 
to  the  northernmost  boundary  of  the  city;  while  it  is  not  improbable 
that  within  the  next  generation  it  will  be  carried  beyond  the  city 
limits  far  up  the  valley  of  the  Hudson. 

It  may  also  occasion  some  surprise  to  know  that  the  upper  end  of 
Manhattan  Island  has  not  yet  been  mapped,  the  topography  of  the 
ground  lying  between  Broadway,  or  the  old  Kingsbridge  Road,  and 
the  Boulevard  Lafayette  being  such  as  to  render  a  street  plan  with 
feasible  grades  exceedingly  difficult.  A  rectangular  system  of  streets 
is  out  of  the  question,  but  there  are  possibilities  of  a  most  attractive 
system  of  driveways  over  and  around  the  promontory  at  the  north  end 
of  the  island  known  as  Inwood. 

It  is  probable  that  nothing  has  been  done  or  planned  which  will 
be  of  more  substantial  benefit  to  Manhattan  Island  than  the  improve- 
ment of  the  Grand  Central  Terminal  of  the  X.  Y.  0.  l\:  H.  R.  R.  R.  Co., 
by  the  depression  of  its  tracks  south  of  56th  Street  in  such  a  manner 
as  to  permit  of  replacing  11  streets  from  East  45th  Street  to  East  55th 
Street,  inclusive,  between  Madison  and  Lexington  Avenues,  by  means 
of  viaducts  with  easy  grades  crossing  the  railroad  tracks  and  yard. 
An  important  precedent  has  been  established  in  connection  with  this 
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work,  as  the  railroad  company,  which  has  heretofore  asked  and  ob- 
tained substantial  assistance  from  the  city  in  making  its  terminal  im- 
provements, is  not  only  to  bear  the  entire  expense  of  remodeling  its 
yard,  but  is  to  pay  the  city  the  sum  of  825  750  annually  for  using  the 
subsurface  of  various  streets.  The  only  contribution  which  the  city  is  to 
make  is  what  is  estimated  would  be  the  cost  of  opening  and  construct- 
ing ordinary  streets  across  the  yard  and  the  building  of  a  viaduct 
forming  an  extension  of  Park  Avenue,  between  45th  and  49th  Streets. 

In  the  Borough  of  Brooklyn,  the  building  of  large  sewers  to  ac- 
commodate the  suburban  wards  means  a  new  era  in  the  further  devel- 
opment of  this  borough. 

Over  S3  000  000  have  also  been  allowed  to  the  President  of  the 
Borough  of  Brooklyn  for  re  paving  streets,  and  while  this  borough 
was  formerly  notorious  for  its  dreary  stretches  of  cobble-stone  pave- 
ment, it  is  fast  becoming  one  of  the  best  paved  urban  districts  of  the 
United  States. 

Owing  to  the  fact  that  nearly  all  transportation  lines  in  the 
Borough  of  Brooklyn  lead  to  Coney  Island,  and  that  a  number  of 
these  were  formerly  operated  under  steam  railroad  franchises,  aud 
some  are  still  so  operated,  while  on  others  electric  trains  running  at 
high  speed  have  been  substituted,  there  have  been  a  great  many  dan- 
gerous grade  crossings,  and  a  special  commission,  authorized  by  Chap- 
ter 507  of  the  Laws  of  1903  is  now  making  plans  for  the  elimination  of 
these  crossings  on  the  two  most  important  railroads.  This  work  is 
only  in  its  preliminary  stages,  as  there  is  a  heated  controversy  between 
the  property  owners  in  the  vicinity  of  the  lines  aud  the  railroad  com- 
panies as  to  whether  the  tracks  shall  be  elevated  or  depressed,  and 
the  commission  has  not  yet  approved  of  any  definite  plans. 

The  removal  of  steam  railroad  tracks  from  the  surface  of  Atlantic 
Avenue  is  being  pushed  with  vigor,  some  miles  of  the  elevated  struct- 
ure already  b:>ing  in  use  and  the  tunnel  sections  being  nearly  com- 
pleted. 

In  the  Borough  of  The  Bronx  the  mapping  of  the  territory  east  of 
the  Broux  River  has  been  rapidly  progressing,  a  tentative  plan  having 
been  adopted  and  the  preparation  of  sectional  sheets  being  under 
way. 
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There  has  again  risen  during  the  rear  the  problem  of  relief  to 
overtaxed  sewers  in  The  Bronx,  and  of  the  diversion  of  house  sewage 
from  the  Bronx  River.  This  beautiful  stream,  which  forms  a  most 
important  adjunct  to  the  park  system  of  The  Bronx,  is  fast  being  con- 
verted into  an  open  sewer.  Towns  and  cities  in  Westchester  county 
are  contributing  generally  to  this  nuisance,  and  the  President  of  the 
Borough  has  asked  for  an  appropriation  to  meet  the  expense  of  an 
investigation  of  means  to  remedy  the  trouble  and  avoid  further  pol- 
lution . 

This  sanitary  protection  of  the  Bronx  valley  received  serious  con- 
sideration before  consolidation,  a  Bronx  Valley  Sewer  Commission 
having  been  created  by  the  State  Legislature  in  1S95.  This  body  re- 
tained as  its  engineer,  Mr.  J.  J.  R.  Croes,  Past-President  of  the  Ameri- 
can Society  of  Civil  Engineers,  and  an  interesting  report  was  submitted 
to  the  Legislature  in  1896.  Nothing  was  done,  however,  towards 
carrying  out  the  recommendations  of  the  Commission. 

Under  special  authority  of  the  last  Legislature,  steps  have  been 
taken  to  eliminate  the  remaining  grade  crossings  along  the  lines  of  the 
Harlem  and  the  New  York  Central  and  Hudson  River  railroads  in  The 
Bronx,  and  detailed  plans  for  this  work  are  now  being  prepared. 
There  still  remain  a  number  of  grade  crossings  along  the  line  of  the 
New  York,  New  Haven  and  Hartford  Railroad,  the  initiative  in  the 
elimination  of  which  the  company  would  gladly  have  the  city  take,  as, 
under  the  State  railroad  law  one-half  of  the  cost  of  the  work  would 
probably  have  to  be  assumed  by  the  city  or  the  State  or  both.  The 
city  is,  therefore,  placed  in  an  awkward  predicament,  as  the  improve- 
ment is  one  which  should  be  carried  out  by  the  railroad  company  at 
its  own  expense. 

In  Queens  and  Richmond  the  work  thus  far  done  has  been  that  of 
preparation  for  improvements  which  are  to  come  in  the  near  future. 
These  two  boroughs,  having  areas  respectively  of  130  and  57  square 
miles,  and  together  constituting  about  57%%  of  the  entire  metro- 
politan district,  are  almost  entirely  rural  in  their  character.  To 
make  them  a  part  of  the  second  largest  city  in  the  world  and  to  govern 
them  by  the  same  charter  law  as  their  older  and  moie  populous  sister 
boroughs  was  a  daring  experiment,  They  were  not  prepared  for  im- 
provements of  the  class  required  by  Manhattan,  and  the  property 
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could  not  endure  assessments  for  such  improvements.  Their  most 
pressing  need  was  a  proper  street  plan.  Such  a  plan  requires  an 
immense  amount  of  preliminary  work.  The  charter  directed  that  the 
system  of  triangulation  which  had  been  made  in  The  Bronx  should  he 
extended  over  the  remainder  of  the  city.  Five  years  after  the  consoli- 
dation act  took  effect  very  little  had  been  done  to  carry  out  this 
requirement. 

Under  the  President  of  the  Board  of  Public  Improvements  a  begin- 
ning had  been  made,  but  after  the  division  of  responsibility  between 
the  borough  presidents,  conceited  action  became  practically  impos- 
sible. An  amendment  to  the  charter  was  secured  last  spring  author- 
izing the  Board  of  Estimate  and  Apportionment  to  enter  into  an 
agreement  with  theU.  S.  Coast  and  Geodetic  Survey  to  assume  general 
charge  of  the  triangulation  which  should  be  conducted  under  the 
supervision  of  an  officer  detailed  from  the  survey  for  that  purpose,  his 
salary  to  be  paid  by  the  Federal  government,  and  his  subsistence  and 
traveling  expenses  by  the  city,  which  was  also  to  furnish  the  necessary 
assistance  and  instruments  and  meet  all  other  expenses.  This  act 
became  a  law  on  May  7th,  and  on  the  following  day  the  agreement  was 
authorized  by  the  Board  of  Estimate  and  Apportionment.  On  May 
15th,  Mr.  A.  T.  Mosman,  who  had  been  detailed  for  the  purpose  began 
his  preliminary  investigations. 

The  last  season  was  an  especially  unfavorable  one  for  work  of  this 
kind,  owing  to  atmospheric  conditions,  but  fairly  good  progress  has 
been  made.  Seven  stations  have  been  occupied,  and  the  present  indi- 
cations are  that  the  work  will  be  exceptionally  accurate  and  valuable. 
Two  tripods  and  scaffolds  have  been  erected,  one  on  the  highest  point 
in  the  Borough  of  Queens,  and  the  other  on  a  corresponding  elevation 
in  Richmond,  the  structure  in  the  former  case  being  68  ft.  and  in  the 
latter  78  ft.  in  height.  The  officers  of  the  U.  S.  Coast  and  Geodetic 
Survey  have  done  more  than  the  agreement  calls  for,  having  placed  at 
the  city's  disposal  a  l()-iu.  theodolite  and  have  promised  another 
when  a  second  observing  party  is  organized,  all  of  the  necessary  helio- 
tropes, and  shelter  tents  for  observers.  It  is  now  proposed  to  meas- 
ure one  and  possibly  two  new  base  lines,  one  of  them  being  along  the 
Ocean  Parkway  in  the  Borough  of  Brooklyn.  The  U.  B.  Bureau  of 
Standards  will  co-operate  in  the  measurement  of  these  base  lines,  and 

an  opportunity  will  probably  be  afforded  for  the  establishment,  by 
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representatives  of  this  bureau,  of  a  standard  of  measurement  in  several 
of  the  boroughs  if  desired. 

The  great  problem  of  providing  adequate  thoroughfares  for  the 
accommodation  of  the  immense  traffic  of  the  most  populous  and  con- 
gested sections  of  the  city,  especially  for  adequate  approaches  to  the 
great  bridges  now  under  construction,  has  received  careful  considera- 
tion of  late.  Much  of  it  has  been  confined  to  discussion,  but  public 
opinion  is  being  educated  to  the  necessity  of  a  broader  and  more  far- 
sighted  policy  than  has  heretofore  prevailed  in  planning  such  improve- 
ments. The  city  is  undoubtedly  becoming  metropolitan  in  its  spirit 
and  view  point  as  well  as  in  its  size  and  wealth.  It  is  a  significant 
fact  that  the  most  ambitious  plans  for  new  transit  lines,  for  tunnels, 
bridges,  boulevards  and  parks,  are  no  longer  received  as  exhalations 
of  a  fevered  imagination,  but  are  accepted  as  reasonable  solutions  of 
the  actual  creation  of  the  greater  New  York  which  six  years  ago  was 
attempted  by  statute. 

In  this  process  of  development  or  evolution  the  Municipal  Engi- 
neers of  the  City  of  New  York  are  destined  to  take  an  increasingly  im- 
portant part  and  bear  a  correspondingly  increasing  responsibility.  I 
venture  to  express,  not  only  the  hope,  but  the  conviction,  that  they  will 
prove  equal  to  it. 


MANHATTAN  TOWER  FOUNDATION  FOR  MANHATTAN 
BRIDGE  AT  THE  FOOT  OF  PIKE  SLIP. 


Inspected  by  the  Society,  October  10th,  1903. 
Description  of  Work,  Prepared  by  H.  A.  LaChicotte,  Engr.  in  Charge. 


The  caisson,  which  is  144  ft.  long  by  78  ft.  wide  and  44|  ft.  high, 
surmounted  by  a  coffer-dam  for  facilitating  the  erection  of  the  masonry 
pier  on  the  caisson,  was  sunk  by  the  pneumatic  process  to  a  depth  of 
92  ft.  below  M.  H.  W.  and  rests  on  a  bed  of  gravel  and  sand  about  60 
ft.  below  the  bed  of  the  river  at  the  pier,  and  26  ft.  below  the  bed  of 
the  river  at  the  deepest  part  in  that  vicinity. 

The  pier  is  built  of  limestone  to  a  height  of  S\  ft.  below  M.  H.  W., 
and  from  that  point  upward  to  the  top  of  the  pedestal  at  elevation 
-f  31.46  of  granite  facing  and  limestone  backing. 

On  December  11th,  1902,  bids  were  received  for  the  construction 
of  the  Manhattan  Tower  Foundation,  and  on  the  22d  of  the  month  the 
contract  was  executed  with  Mr.  John  C.  Rodgers,  the  lowest  bidder, 
who  also  built  the  Brooklyn  tower  foundation.  By  the  terms  of  the 
contract  the  caisson  was  to  be  sunk  to  a  depth  of  79.15  ft.  below  mean 
high  water,  and  the  tower  foundation  built,  complete,  for  the  sum  of 
$450  000,  or  if  the  foundation  were  carried  to  —103,  the  amount  to  be 
received  was  $482  726.56.  Unit  price's  covered  the  work  between 
—79.15  and  —103. 

On  March  12th,  1903,  the  contractor  began  the  construction  of  the 
caisson  by  assembling  the  cutting  edge  timber  on  the  pontoon,  which 
had  been  previously  built.  The  same  methods  of  building,  launching 
and  towing  to  place  were  followed  tliat  had  been  used  in  the  case  of 
the  Brooklyn  caisson.  On  May  28th,  1903,  the  caisson  was  launched, 
and  on  July  27th,  in  the  tow  of  five  tugs,  it  left  the  slip  at  149th 
Sheet.  After  seven  hours  the  caisson  had  only  reached  97th  Street ; 
tin  tide  by  this  time  had  turned,  and  it  was  decided  to  tie  up  for 
the  night.  At  noon  next  day  the  journey  was  resumed,  but  when 
Pike  Slip,  the  Bite  of  the  pier,  was  reached,  the  boats  were  unable  to 
hold  the  caisson  against  the  strong  ebb  tide,  and  it  was  carried  to  the 
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foot  of  Montague  Street,  Brooklyn,  where  it  was  tied  up  temporarily. 
When  the  tide  was  once  more  favorable,  another  start  was  made  and 
at  7  p.  m.  the  caisson  was  tied  up  at  its  final  location,  without  farther 
incident. 

Considerable  time  was  required  to  complete  the  contractor's  plant 
before  work  of  sinking  the  caisson  could  be  begun,  and  it  was  not 
until  the  11th  of  August  that  the  first  concrete  was  deposited  in  the 
caisson.  On  August  31st  the  caisson  was  grounded.  Originally  an 
old  pier  stood  on  the  site,  and  when  the  dredging  for  the  foundation 
was  done,  a  large  amount  of  rip  rap,  cribbing  and  piles  was  not  re- 
moved, and  it  was  upon  this  material  that  the  caisson  landed,  at  a 
depth  of  about  40  ft. 

Most  of  this  material  had  to  be  removed  by  buckets,  which  made 
progress  at  the  start  very  slow.  Air  was  admitted  to  the  working  cham- 
ber September  18th,  and  after  a  month's  work,  sand  began  to  appear  in 
the  bottom,  and  nearly  all  of  the  coarse  material,  of  which  there  had 
been  about  7  ft.,  had  been  removed.  Below  this  depth  the  material 
was  principally  sand,  together  with  a  small  percentage  of  gravel, 
which,  however,  increased  with  the  depth.  On  November  20th  the  cut- 
ting edge  had  reached  elevation  — 68.50,  all  the  concrete  above  deck 
had  been  added,  and  the  limestone  masonry  was  begun. 

By  December  1st  three  courses  of  limestone  had  been  laid,  and  the 
cutting  edge  was  at  an  elevation  of  about  — 76.0.  An  examination  of 
the  bottom  made  at  this  time  showed  sand  and  gravel,  together  with 
a  few  small  boulders.  In  general,  the  sand  was  coarse,  clean  and 
sharp,  and  constituted  70%  or  15%  of  the  whole;  the  gravel  was 
principally  fine  and  varied  in  size  from  \  to  \\  in.  in  diameter. 

The  material  was  not  deemed  sufficiently  solid  to  insure  against 
lateral  movement  and  consequent  settlement,  should  the  adjoining 
materials  be  disturbed  at  any  time  in  the  future.  The  original  borings, 
and  also  the  soundings  made  at  this  time,  indicated  the  same  class  of 
material  at  —79.15,  the  datum  plane,  and  it  was,  therefore,  decided  to 
continue  the  excavation  at  least  as  deep  as  on  the  Brooklyn  side,  viz., 
—91.85,  and  accordingly  preparations  were  made  to  build  up  the  cof- 
fer-dam and  add  more  masonry. 

The  air  pressure  has  been  maintained  at  about  the  hydrostatic 
pressure,  or  a  maximum  of  47  lbs.  above  atmospheric  pressure.  Few 
cases  of  bends  have  developed,  of  which  two  have  proved  fatal. 
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On  April  9th,  1903,  bids  were  opened  for  building  the  masonry 
pedestals  on  top  of  the  tower  foundations.  These  consist  of  four 
courses  of  masonry  to  each  pedestal,  adding  about  11.5  ft.  in  height 
to  the  piers.  The  top  of  the  pedestals  are  31.46  ft.  above  mean  high 
water.  Mr.  Rodgers  was  again  the  lowest  bidder,  agreeing  to  build 
both  pedestals  for  the  sum  of  $150  000,  and  on  July  9th,  1903,  the 
contract  for  the  work  was  executed.  The  Brooklyn  pedestal  was  be- 
gun on  July  30th,  and  on  October  19th  it  was  completed.  About  a 
month  of  this  time  was  occupied  in  dressing  the  top  of  the  pedestal 
to  grade  after  the  stone  was  set.  This  was  done  by  means  of  machines 
with  excellent  results. 

Nothing  can  be  done  toward  building  the  Manhattan  pedestal 
until  the  completion  of  the  tower  foundation. 
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Inspected  by  the  Society,  November  21st,  1903. 
Description  of  Work  Prepared  by  Chas.  S.  Gowen,  Div.  Engr. 

The  New  Croton  Dam  at  Cornell  Site,  which  is  to  form  the  largest 
reservoir  of  the  impounding  system  of  the  Croton  River,  was  begun  in 
October,  1892.  It  is  located  about  3|  miles  above  the  junction  of  the 
Croton  with  the  Hudson,  and  about  1  mile  above  Old  Quaker  Bridge. 
At  the  dam  location,  bed  rock  (gneiss)  crops  out  at  the  surface  on  the 
north  side  of  the  river.  The  valley  here  is  about  450  ft.  wide  at  level 
of  top  of  bank  on  south  side  of  river  and  the  total  distance  across  the 
valley  at  Flow  Line  Elevation  200  is  about  1  300  ft.  The  bed  rock 
cropping  out  on  the  north  side  dips  quickly  just  before  reaching  the 
bank  to  a  depth  of  about  75  ft.  below  the  river  bed.  At  this  point,  on 
a  line  about  parallel  to  and  under  the  river,  the  rock  changes  abruptly 
from  gneiss  to  limestone,  with  no  marked  change  of  surface  level. 
The  limestone  extends  across  the  valley  at  about  the  depth  noted 
above,  and  then  rises  gradually  on  the  south  side  with  the  earth  slope 
and  below  it  at  depths  varying  from  70  ft.  to  20  ft.  at  the  extreme 
south  end  of  the  dam  location. 

Under  the  river  bed  the  material  above  the  bed  rock  is  largely  sand, 
gravel  and  boulders.  Approaching  the  south  side  of  the  valley  it 
merges  into  very  compact  hardpan  and  gravel  next  the  rock.  The 
hardpan  is  surmounted  next  the  surface  by  a  considerable  layer  of  sand 
at  the  steep  part  of  the  slope.  Along  this  slope  at  about  Elevation  153 
runs  the  Old  Croton  Aqueduct. 

General  Features  of  Dam. 

The  general  features  of  the  dam  may  be  noted  as  follows: 
An  Overflow  on  the  rocky  side  hill  forming  the  north  slope  of  the 
valley. 

A  Masonry  Dam  built  on  bed  rock  and  extending  from  its  junction 
with  the  overflow  at  about  the  foot  of  the  north  slope  of  the  valley, 
across  and  well  into  the  south  slope  where  it  ends  in  gate  house  and 
core-wall  for  the  embankment. 
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An  Embankment  with  a  core-wall  extending  to  bed  rock,  from  the 
end  of  the  masonry  dam  along  the  south  valley  slope  until  Elevation 
220  the  proposed  top  of  this  part  of  the  dam  is  reached. 

The  Overflow  varies  in  height  from  150  ft.  at  its  junction  with  the 
main  dam  to  10  ft.  where  it  joins  the  side  hill  at  the  upper  end.  This 
overflow  runs  along  the  side  hill  and  nearly  parallel  to  the  slope  con- 
tours, curving  up  stream  at  its  junction  with  the  masonry  dam.  The 
down-stream  face  of  this  overflow  is  formed  in  steps.  Opposite  this 
down-stream  face  is  a  channel,  cut  into  the  rock  of  the  side  hill,  down 
which  the  water  will  pass  on  its  way  to  the  river  bed  below  the  dam. 
This  overflow  channel  is  about  50  ft.  wide  at  the  upper  end  and  125  ft. 
wide  next  to  the  main  dam.  The  length  of  the  overflow  is  nearly  1  000 
ft.  Elevation  of  top,  200,  except  for  a  length  of  about  250  ft.  next  its 
junction  with  the  main  dam,  where  its  elevation  is  196. 

The  Mason?-}/  Dam  extends  from  bed  rock  to  Elevation  216  and  pro- 
vision is  made  for  a  way  on  top  18  ft.  in  width.  At  the  north  end  near 
its  junction  with  the  overflow  is  a  gate  house,  of  three  chambers. 
Grooves  in  the  masonry  of  the  up-stream  face  will  be  provided  for  stop- 
plauks,  and  in  each  chamber  will  be  gates  worked  from  the  top  of  the 
dam  connecting  with  a  IS-in.  pipe.  The  pipes  extend  through  the  dam, 
and  at  the  outer  end  a  vault  is  planned  with  stop-cocks  to  further  con- 
trol the  flow  through  these  pipes. 

The  Masonry  Bam  will  be  about  900  ft.  in  length  from  its  junction 
with  the  overflow  to  the  gate  house  at  the  south  end,  and  its  extreme 
height  is  296  ft.  Maximum  thickness  at  bottom  next  to  rock  about 
216  ft. 

TJte  Embankment  extending  south  from  the  gate  house  at  the  end  of 
the  masonry  dam  will  have  a  core-wall  extending  throughout  its  length, 
sunk  to  bed  rock,  thus  forming  with  the  overflow  and  mam  dam  a 
continuous  masonry  connection  with  bed  rock  throughout  the  whole 
length.  The  elevation  of  the  top  of  the  embankment  is  to  be  216. 
Width  at  top,  30  ft.  Up-stream  slope,  2-1  paved;  down-stream  slope,  2-1. 

Provision  was  made  for  discontinuing  that  part  of  the  Old  Aqueduct 
lying  between  the  slope  lines  of  the  main  dam  excavation,  and  a  loop 
line  has  been  built  further  into  the  side  hill  nearer  the  extreme  south 
end  of  the  dam.  At  the  junction  of  this  new  line  of  Aqueduct  with 
the  core-wall  masonry,  the  second  gate  above  noted  has  been  built  for 
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tlie  purpose  of  connecting  the  impounded  water  in  the  basin  with  the 
Old  Aqueduct. 

Three  masonry  conduits  are  to  connect  the  water  in  the  basin  di- 
rectly with  one  of  the  four  chambers  of  this  gate  house.  This  connec- 
tion can  be  controlled  directly  by  stop-planks  in  iron  grooves  built 
into  the  face  of  this  chamber  as  well  as  by  a  set  of  iron  gates  control- 
ing  the  openings  between  the  gate-house  chambers. 

The  chambers  of  this  gate  house  are  drained  by  a  system  of  12-in. 
pipes  which  connect  with  each  chamber  bottom  and  merge  in  one  pipe 
which  is  laid  under  the  invert  of  that  part  of  the  Aqueduct  loop  lying 
on  the  down-stream  side  of  the  core-wall.  Near  the  connection  of  this 
loop  line  with  the  Old  Aqueduct,  this  pipe  line  diverges  enough  to 
come  to  the  surface  of  the  hill  side  in  a  few  lengths. 

The  three  masonry  conduits  mentioned  above,  enter  the  gate  house 
chamber  at  elevation  152.7,  169,  185.  The  conduits  will  be  so  arranged 
at  their  outer  ends  as  to  draw  water  from  the  basin  above  the  dam  at 
varying  elevations  from  100  to  185  and  in  their  location  follow  the  line 
of  the  Aqueduct  loop  until  well  away  from  the  toe  of  the  embankment 
to  be  built  above  it,  when  they  will  diverge  towards  the  slope  of  the 
basin  and  follow  it  down  to  the  inlet  elevation  desired. 

General  Details  of  Dam. 

The  hearting  of  the  overflow  and  masonry  dam  is  in  most  part  built 
of  rubble  masonry  in  mortar,  and  the  core-wall,  gate  house  foundations, 
side  walls  of  Aqueduct  loop,  backing  of  gate  house  chambers  and  inlet 
conduits  are  also  built  of  rubble  masoury.  A  part  of  the  main  dam 
at  the  south  end  not  yet  built  is  to  be  made  of  concrete  and  rubble 
stone  in  place  of  the  ordinary  method  of  laying  rubble  stone  in  mortar. 
The  overflow  is  faced  above  its  rock  foundation  with  coursed  ashlar 
facing  stones  cut  to  specified  rises  in  courses.  On  the  down-stream 
side  the  steps  are  laid  with  block  stone  masonry  generally  heavier  in 
rise  and  width  than  the  facing  stone,  and  of  depth  sufficient  to  bond 
under  the  step  formed  above. 

Coping  stones  of  granite  dimension  stone  form  the  upper  courses, 
over  which  the  water  first  passes. 

The  main  dam  and  outer  faces  of  its  gate  house  are  faced  wherever 
exposed,  with  facing  stone  of  the  same  class  as  that  in  the  overflow. 

The  heavy  cornice  of  the  main  dam  is  of  granite  dimension  stone. 
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This  is  also  used  for  stop-plank  grooves,  facings  for  gate  openings, 
etc.,  in  the  gate  house,  while  the  remainder  of  the  gate  house  chamber 
lining  is  of  brick  laid  in  Portland  cement. 

The  Aqueduct  gate  house  is  to  have  its  chambers  lined  with  brick 
in  Portland  cement,  excepting  around  the  gate  openings  and  Aqueduct 
openings,  where  in  some  case  cut  dimension  stone  will  be  used.  The 
upper  Aqueduct  and  inlet  openings  where  stop-plank  grooves  are  to 
be  provided,  are  to  be  faced  with  iron  castings  joined  into  the  brick 
work  for  that  purpose.  The  inlets  are  to  be  oval  in  shape  6  ft.  x  10  ft. 
inside  dimensions.  The  Aqueduct,  horse-shoe  shape  to  conform  to  the 
old  structure.  Brick  work  is  used  for  the  inverts,  side  walls  and 
arches  of  the  Aqueduct  and  inlets.  Both  gate  houses  will  have  super- 
structures of  the  ordinary  type  containing  hoisting  apparatus  for 
working  the  gates. 

The  Protective  Work. 

The  great  and  deep  excavation  necessary  to  afford  foundations  for 
the  masonry  dam  involved  extensive*  preparations  for  turning  the  river 
channel  from  its  original  location  to  a  new  channel  cut  in  the  rock 
slope  on  the  north  side  of  the  river.  This  channel  cut  is  about  125  ft. 
in  width  in  the  clear,  and  is  bounded  on  the  south  side  by  a  masonry 
wall,  the  foundation  of  which  is  in  rock  and  which  extended  about 
300  ft.  each  way  from  the  center  of  the  main  dam  parallel  to  the  old 
river  channel.  At  the  ends  of  the  wall  heavy  earth  dams  were  built 
extending  across  the  old  river  channel. 

The  grade  of  the  bottom  of  this  channel  cut  is  about  50  and  the 
cut  is  wholly  in  rock  for  a  considerable  distance  on  both  sides  of  the 
dam  line,  and  its  total  length  is  about  1 100  feet.  The  top  of  the  walls 
and  dams  range  in  grade  from  75  at  upper  wing  dam  to  73  at 
lower  wing  dam.  The  part  of  the  wall  on  the  dam  location  was 
made  somewhat  heavier  in  places  than  the  above  dimensions  call  for, 
as  it  was  regarded  as  permanent  work.  The  channel  cut  grade  was 
made  about  5  ft.  higher  than  the  old  river  bed  opposite,  in  order  to 
avoid  the  great  amount  of  rock  excavation  necessary  to  get  to  river 
bed  grade. 

Tin'  wing  dams,  which  are  nearly  30  ft.  above  the  old  river  bed, 
are  earth  dams  with  a  core-wall  of  two  courses  of  3-in.  toDgued  and 
grooved  shooting  extending  from  3  ft.  below  the  top  of  the  bank  to 
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20  ft.  below  the  original  surface.  These  sheeting  courses  were  thor- 
oughly spiked  together  and  were  stiffened  by  frequent  courses  of 
horizontal  range  timbers,  to  which  they  were  fastened  when  they  were 
put  in  place. 

The  embankments  are  10  ft.  wide  at  the  top,  with  a  slope  1£-1 
towards  the  channel,  and  2-1  on  the  back  side. 

The  toes  of  the  slopes  on  the  channel  side  are  formed  of  heavy  crib- 
work  and  from  10  to  12  ft.  in  height,  and  above  this  cribwork  the  slope 
is  paved  to  the  top.  The  cribwork  in  both  dams  is  formed  of  two 
parallel  cribs,  each  10  ft.  wide,  securely  joined  together  and  having  a 
space  6  ft.  wide  between  them  filled  with  very  compact  earthy  material. 
The  faces  of  the  6-ft.  trenches,  as  well  as  the  outer  faces  of  the  cribs, 
are  covered  with  3-in.  tongued  and  grooved  sheeting  sunk  from  3£  to 
10  ft.  into  the  ground  below  the  bottoms  of  the  cribs. 

The  particular  function  of  these  cribs  was,  to  thoroughly  protect 
the  embankment  toes  from  the  scour  possible  in  great  freshets  when 
the  depth  in  the  channel  might  be  from  15  to  19  feet. 

The  total  length  of  the  wing  dams,  including  the  600  ft.  of  river 
wall,  is  about  1  600  feet. 


ANNUAL  DINNER. 


The  first  annual  dinner  of  the  Municipal  Engineers  of  the  City  of 
New  York  was  held  at  the  Park  Avenue  Hotel,  Thursday  evening, 
January  14th,  1904,  about  110  being  present. 

Mr.  Nelson  P.  Lewis,  President,  presided,  and  after  welcoming 
the  members  and  guests,  said  in  part: 

A  distinguished  engineer,  while  delivering  a  commencement 
address  to  one  of  the  technical  schools  in  the  Middle  West  a  few 
years  ago,  used  language  something  like  this:  "  I  would  caution  all 
you  young  men  against  entering  the  field  of  municipal  work.  Become 
a  foreman  of  a  grading  gang  rather  than  take  any  job  under  a  city 
government." 

Gentlemen,  I  protest  against  such  advice  as  this.  There  are  no 
more  attractive  fields  open  to  the  engineer  to-day  than  those  offered 
in  our  great  cities.  Classes  of  Municipal  Engineering  have  been 
established  in  almost  all  of  our  technical  schools,  and  the  most 
interesting,  the  most  absorbing,  the  most  difficult  problems  which 
confront  us  to-day  are  those  relating  to  the  care,  comfort,  health  aDd 
happiness  of  the  enormous  congregations  of  people  in  our  great 
cities.  And  yet  we  must  admit  that  there  is  perhaps  some  danger  to 
the  young  man  in  municipal  engineering  work.  I  must  confess  that 
I  always  feel  some  regret  when  a  young  man  does  his  first  work  in  a 
city  office.  Unless  he  be  a  man  of  strong  character  and  of  an  innate 
industry  and  ambition,  it  may  be  that  the  comparatively  short  hours 
and  the  facilities  which  are  offered  for  shirking  may  be  demoralizing. 
I  cannot  but  believe  that  a  few  years  of  work,  such  as  a  man  gets  on 
a  railroad  survey,  for  instance,  and  railroad  construction,  when  he 
gets  up  early  in  the  morning,  eats  his  breakfast  and  takes  his  instru- 
ments, with  a  few  biscuits  for  lunch,  comes  back  at  dark  for  supper — 
a  year  or  two  of  that  is  invaluable,  enabling  a  man  to  acquire  habits 
of  industry  which  he  will  never  forget.  A  young  man  who  goes  into 
municipal  office,  careful  that  he  does  not  reach  the  office  before  9 
o'clock — preferably  a  quarter  after,  or  half-past — and  who  performs 
his  work  and  drops  it  at  4  o'clock,  lest  he  be  late  twice  the  same  day, 
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never  amounts  to  anything.  To  such  a  man  as  that  I  will  agree  with 
Professor  Waddell,  who  advised  the  young  engineers  to  become  fore- 
men of  a  grading  gang  rather  than  take  a  city  job.  Loyalty  to  your 
ideals,  loyalty  to  your  work,  is  essential  to  your  success  anywhere. 
No  more  so  in  city  work  than  in  other  private  work,  but  is  essential 
there. 

Mr.  Charles  H.  Haswell,  being  introduced,  spoke,  among  other 
things,  of  his  apprenticeship  in  engineering  when  he  entered  the 
steam-engine  shops  of  James  P.  Laird  in  1828.  He  stated  these  shops 
were  then  the  largest  of  their  kind  in  the  country;  that  the  draught- 
ing room  was  also  a  storehouse  for  patterns  and  moulds,  and  con- 
tained no  furniture  except  an  ordinary  carpenter's  bench. 

He  described  the  draughtsman's  tools  used  at  that  date  as  con- 
sisting only  of  a  drawing  board,  a  common  carpenter's  two-foot  square, 
a  steel  pointed  scriber  and  a  small  smoothing  plane;  the  lines  of  a 
drawing  being  made  with  the  scriber,  denned  by  a  pencil  and  erased 
by  the  plane. 

He  referred  to  the  lack  of  text  books  for  ready  reference,  and 
stated  there  were  only  two  recognized  civil  engineers  in  New  York 
City  at  that  period,  Jarvis  and  Horatio  Allen,  and  no  professional 
architects,  all  buildings  being  designed  by  the  carpenters  and  masons 
who  built  them. 

Professor  William  H.  Burr  said  in  part :  The  field  of  the  Municipal 
Engineer  is  a  far  wider  one,  I  think,  than  many  of  us  suppose.  If  we 
stop  to  consider  a  moment,  it  wTill  be  obvious  that  that  field  is  prac- 
tically co-extensive  with  the  whole  field  of  civil  engineering,  and  by 
civil  engineering  I  mean  all  those  branches  of  engineering  which  are 
not  military  or  naval.  The  great  public  works  of  a  modern  city 
include  almost  all  lines  of  practice  which  a  civil  engineer  is  called 
upon  to  follow — the  planning  and  construction  of  streets;  the  great 
bridges  which  span  our  rivers,  the  designs  of  which  must  contem- 
plate, not  only  the  purely  structural  or  engineering  features,  but  also 
the  accommodation  of  the  greatest  mass  of  people  that  have  ever 
been  transported  daily  in  the  history  of  the  world,  and  at  the  same 
time  must  meet  those  requirements  which  are  found  in  academies  of 
good  taste;  the  great  water- works,  which  include  reservoirs,  con- 
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duits,  masonry  structures  of  the  greatest  magnitude,  and  distribution 
systems  extending  like  the  filaments  of  a  cobweb  almost  throughout 
the  entire  city;  and  now  the  design  and  management  of  great  electric 
works,  both  for  power  and  light,  pumping  engines,  machinery  of  all 
kinds,  and,  among  other  things,  those  great  constructions — tunnels, 
and  every  form  of  engineering  work,  including  even  railroads.  The 
construction  and  actual  management  of  all  these  works  come  directly 
tinder  the  Municipal  Engineer. 

Now,  the  discharge  of  these  duties,  which  at  the  present  time  must 
be  characterized  by  the  greatest  degree  of  skill  and  efficiency  known, 
carry  with  them  the  gravest  responsibilities  that  belong  to  human 
action  of  a  material  kind.  I  think  it  is  worth  while  to  consider  just 
what  that  means.  Enormous  expenditures  of  money  must  be  made, 
for  which  the  engineer  is  directly  responsible.  The  character  of  the 
organizations  of  the  various  departments  of  the  City  Government 
will  depend  much,  I  might  almost  say  entirely,  upon  his  attitude  to- 
ward them.  We  know  that  the  problem  of  municipal  government 
has  not  yet  been  satisfactorily  solved.  I  have,  for  one,  the  greatest 
faith  in  the  administrative  capacity  and  its  development  in  civil  en- 
gineering, although  I  am  aware  that  there  are  members  of  the  pro- 
fession who  do  not  take  that  view.  I  see  no  reason  why  the  widest 
fields  of  administrative  activity  should  not  be  open  to  civil  engineers. 
Some  of  the  most  successful  presidents  of  railroads  have  grown  up 
from  the  engineering  department,  and  the  heads  of  many  other  great 
business  enterprises  have  had  their  educational  training  and  experi- 
ence in  the  profession  of  civil  engineering.  One  of  the  presidents  of 
the  greatest  republic  in  the  world,  save  one,  was  a  civil  engineer. 
And  I  venture  to  believe  that  the  solution  of  a  perfect  city  govern- 
ment, a  great  city  government  in  modern  times,  is  more  likely  to  be 
reached  through  the  civil  engineers  who  design  and  administer  to  its 
great  public  works  than  from  any  other  quarter.  The  training  and 
experience  of  the  engineer  in  all  his  work  ina'kes  for  truth  and  effici- 
ency. Deviousness  in  direct  dealing  with  an  engineering  problem 
brings  a  swift  punishment  of  defeat.  One  of  the  greatest  fields,  and  I 
think  perhaps  it  may  be  the  greatest  field,  certainly  in  the  line  of 
municipal  work,  is  that  uplifting  of  the  administration  and  city  de- 
partments by  elevating  the  purposes,  purifying  and  quickening  the 
life  of  the  departments  of  a  great  city  government  by  the  dignified 
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and  professional  character  of  the  administrations,  which  its  civil 
engineers  are  giving. 

Prof.  George  W.  Plympton  referred  to  such  changes  in  pro- 
fessional engineering  practice  as  had  come  under  his  observation  since 
he  began  engineering  work  in  the  fifties.  At  that  time  there  was  con- 
siderable doubt  about  the  expediency  of  using  iron  in  place  of  wood 
for  bridges.  It  was  a  common  belief  that  iron  deteriorated  in  use,  be- 
came brittle  and  fell  to  pieces,  and  even  professional  engineers  felt 
some  doubt  about  it.  There  had  been  no  demonstration.  It  was 
affirmed  that  the  iron  could  be  made  durable,  or  could  be  used  so 
that  its  preservation  could  be  insured.  The  Niagara  Bridge  was 
finished  about  1853  or  1854.  At  the  time  he  began  bridge  building  in 
1856,  Squire  "Whipple  had  built  two  or  three  iron  bridges,  and  one  very 
successful  one  over  the  Albany  and  Northern  Road  above  Troy,  and  it 
was  so  notable  an  event  to  rely  confidently  on  a  bridge  which  was  all 
of  iron  that  that  bridge  was  visited  by  engineers  from  great  distances. 
By  the  aid  of  numerous  demonstrations,  chiefly  through  the  aid  of  a 
testing  machine  built  by  John  W.  Murphy,  the  Murphy-Whipple 
bridge  was  built,  so  called  because  the  Whipple  plan  was  slightly 
modified.  The  old  Howe  Truss  Bridge,  with  its  vertical  iron  rod  and 
timber  strut  panels  were  common  enough,  and  as  these  bridges  were 
removed  and  put  out  of  use  old  rods  that  had  been  in  use  for  a  very 
longtime  were  obtained,  proving  upon  being  pulled  apart  that  they 
were  fibrous  iron  and  had  not  deteriorated.  It  took  a  long  time,  how- 
ever, to  convince  people  generally  that  if  iron  were  used  within  the 
limit  of  its  elasticity  and  subjected  to  no  stress  greater  than  that,  it 
could  be  safely  depended  upon.  In  those  days  an  iron  bridge  of  250 
ft.  span  was  worth  going  a  long  way  to  see.  The  breaking  weight  of 
merchantable  iron  was  about  50  000  lbs.  to  the  square  inch,  and  its 
elastic  limit  could  be  safely  put  at  24  000  or  25  000  lbs. 

Prof.  George  F.  Sever  spoke  of  the  duties  of  the  Electrical  En 
gineer  in  the  city  as  being  very  numerous,  particularly  as  regards 
municipal  affairs.  We  have  such  simple  problems  as  the  removal  of 
the  west  side  pole  line  with  the  wires  strung  through  the  air,  the  pole 
line  itself  being  a  magnificent  engineering  construction.  The  people 
say,  "We  want  that  down."    It  is  up  to  the  Department  of  Water 
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Supply,  ( nis  and  Electricity  to  take  it  down.  Mr.  Jones,  a  public- 
spirited  citizen,  wonders  why  it  does  not  come  down.  Orders  have 
gone  forth  to  remove  it.  But  Mr.  Jones  little  realizes  the  tremendous 
problem  which  the  taking  down  of  that  line  involves.  In  the  first 
place,  telephone  currents  are  transmitted  over  those  lines  to  Chicago, 
Omaha,  Boston,  Springfield,  Albany,  Buffalo,  all  long  distance  lines, 
and  if  those  wires  were  put  into  a  cable  containing  1  200  wires,  perhaps 
600  pairs,  by  the  time  you  reached  145th  Street  from  Cortlandt  Street 
Exchange,  a  distance  of  perhaps  10  miles,  there  would  be  absolutely 
no  sound.  You  could  not  get  the  telephone  current  any  further.  All 
the  energy  of  that  electric  circuit  would  be  absorbed  either  in  the 
installation  or  in  the  lead  sheet.  Through  the  scientific  investiga- 
tions, and  wonderful  invention  of  Prof.  Pupin,  of  Columbia  Univer- 
sity, the  New  York  Telephone  Company  has  been  able  to  place  coils 
on  the  cables  which  they  are  now  laying,  and  there  are  to-day  eight 
pair  of  comparatively  successful  underground  wires  from  Cortlandt 
Street  through  to  Boston  and  Springfield.  And  if  all  goes  well  and  all 
cross-contact  on  those  cables  is  eliminated,  by  the  middle  of  February 
the  first  axe-cutting  will  commence.  It  was  hoped  that  that  line 
would  be  down  by  the  first  of  January,  but,  owing  to  the  numerous 
delays  and  difficulties  of  cross-contact  and  leakage,  the  date  for  taking 
down  that  eye-sore  has  been  put  off  until  a  few  weeks  later.  But  Mr. 
Jones,  the  public-spirited  citizen,  hammers  one  of  our  departments 
because  the  line  does  not  come  down  when  he  wants  it.  The  speaker 
also  referred  to  the  difficult  third-rail  problem  awaiting  satisfactory 
solution,  aud  urged  that  this  society  with  others  should  attempt  to 
relieve  the  public  mind  as  to  the  operations  in  engineering  fields  in 
this  city  and  to  quell  those  outbursts  of  sensationalism  that  produce 
Avrong  ideas  among  the  general  public. 

Mr.  F.  P.  Burt  spoke  in  an  interesting  man  tier  of  the  technical 
press  and  its  relation  to  engineers  and  the  works  of  great  importance 
under  their  charge. 
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It  was  thought  advisable  to  print  the  Constitution 
and  By-Laws  as,  undoubtedly,  they  will  be  amended 
September  28,  1904. 


CONSTITUTION. 


ARTICLE  I. — NAME  AND  OBJECTS. 

Section  1.— The  name  of  this  Society  shall  be  "The  Municipal  Engineers 
of  The  City  of  New  York." 

Sec  2. — The  objects  of  the  Society  shall  be  to  further  the  material  devel- 
opment of  the  City  of  New  York,  to  elevate  the  standard  of  efficiency  and 
harmonize  the  work  of  the  engineering  staffs  of  the  several  departments  of  the 
public  service  and  to  promote  the  technical,  professional  and  social  interests 
of  the  engineers  in  the  employ  of  the  city. 

ARTICLE  II.—  MEMBERSHIP. 

Section  1. — Any  person  shall  be  eligible  for  membership  who  for  at  least 
six  months  immediately  prior  to  his  application  for  membership  has  been  an 
employee  of  The  City  of  New  York  and  is  a  civil,  mechanical  or  electrical 
engineer,  architect  or  chemist,  or  is  an  assistant  to  a  civil,  mechanical  or 
electrical  engineer,  architect  or  chemist,  who  shall  in  the  judgment  of  the 
Board  of  Directors  possess  such  technical  and  personal  qualifications  as  to 
make  him  a  desirable  member  of  the  Society. 

ARTICLE  III. — DUES. 

Section  1. — The  annual  dues  for  members  of  the  Society  shall  be  ten  dol- 
lars. All  dues  shall  be  payable  semi-annually  in  advance  on  the  first  day 
of  January  and  the  first  day  of  July. 

Sec  2. — Any  person  who  shall  be  elected  to  membership  after  the  first  day 
of  April  or  October  in  any  year  shall  pay  only  one-half  of  the  amount  of  dues 
for  that  half  year.    As  amended  Sep.  28,  1904. 

Sec  3. — Any  person  whose  dues  shall  be  more  than  two  months  in  arrears 
shall  be  notified  by  the  Secretary;  and  if  such  arrears  shall  continue  for  thirty 
days  thereafter  he  shall  forfeit  his  privileges  in  the  Society.  Should  his  dues 
become  one  year  in  arrears  he  shall  again  be  notified;  and  if  they  be  not  paid 
within  one  month  thereafter  his  name  shall  be  dropped  from  the  membership 
roll  of  the  Society  upon  a  majority  vote  of  the  members  of  the  Board  of 
Directors  at  any  meeting  of  the  Board  and  such  action  shall  be  announced  at 
the  next  regular  meeting. 

Sec  4. — The  resignation  of  a  member  shall  not  be  accepted  by  the  Board 
unless  he  has  paid  his  current  semi-annual  dues.    As  amended  Sep.  28,  1904. 
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CONSTITUTION. 


ARTICLE  IV.  — ADMISSION  AND  EXPULSION. 

Section  1. — Any  person  eligible  under  the  provisions  of  Article  II  rnaj 
apply  for  membership  in  the  Society.  Such  application  shall  be  in  writing 
must  be  endorsed  by  at  least  three  members  in  good  standing  and  shall  b< 
in  such  form  as  the  Board  of  Directors  may  prescribe. 

Sec.  2. — All  applications  shall  be  referred  to  the  Board  of  Directors  whc 
shall  take  such  action  as  may  be  necessary  to  verify  the  statements  contained  in 
it.  If  the  applicant  be  found  to  be  eligible  he  may  be  elected  to  membership 
by  the  affirmative  vote  of  two-thirds  of  the  members  of  the  Board  of  Direc  tors 
confirmed  by  a  two-thirds  vote  of  the  members  present  at  the  next  regular 
meeting  of  the  Society. 

Sec.  3. — Any  member  who  shall  be  guilty  of  any  act  which  shall  reflect 
discredit  upon  the  Society  may  be  expelled  by  a  two-thirds  vote  of  the  mem- 
bers of  the  Board  of  Directors  if  such  action  be  confirmed  in  the  same  manner 
as  is  provided  for  admission. 

ARTICLE  V.— OFFICERS. 

Section  1. — The  officers  of  the  Society  shall  consist  of  a  President,  two 
Vice-Presidents,  a  Secretary,  a  Treasurer  and  fifteen  Directors  who  shall 
constitute  the  Board  of  Directors.  At  least  one  and  not  more  than  nine  of 
these  officers  shall  be  employed  in  any  one  Borough.  Each  Borough  shall  be 
represented  by  at  least  one  resident. 

Sec  2. — The  terms  of  office  of  the  President,  Vice-Presidents,  Secretary 
and  Treasurer  shall  be  one  year  and  of  the  Directors  three  years.  Five  of i 
the  tif  teen  Directors  shall  be  elected  at  each  annual  meeting.  The  term  of  I 
each  officer  shall  commence  at  the  close  of  the  annual  meeting  at  which  he1 
shall  have  been  elected. 

Sec.  3. — In  case  of  a  vacancy  in  the  office  of  President  the  office  shall 
b3  1IU3  I  by  tli3  sanior  Vic3-Pre3ident.  A  vacancy  in  the  office  of  Secretary 
or  Treasurer  or  of  a  Director  shall  be  rilled  by  the  Board  of  Directors  and 
the  person  so  elected  shall  hold  office  until  the  next  annual  election. 

ARTICLE  VI.—  DUTIES  OF  OFFICERS  AND  MANAGEMENT. 

Section  1. — The  President  shall  have  general  supervision  of  the  affairs  of 
the  Society;  he  shall  preside  at  all  meetings  of  the  Society  and  of  the  Board 
of  Directors  at  which  he  may  be  present  and  shall  be  ex  officio  a  member  of 
all  committees.  He  shall  be  accountable  to  the  Society  and  to  the  Board  of 
Directors  for  the  conduct  of  the  affairs  of  the  Society  in  accordance  with  the 
Constitution  and  By-Laws  and  the  laws  under  which  the  Society  is  organized; 
and  under  the  direction  of  the  Board  of  Directors  he  shall  be  the  chief 
executive  officer  of  the  Society. 

Sec.  2. — The  First  Vice-President  or  in  his  absence  the  Second  Vice- 
President,  shall  in  the  absence  or  incapacity  of  the  President  exercise  all  the 
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authority  and  perform  the  duties  pertaining  to  the  office  of  President.  The 
First  Vice-President  shall  be  chairman  of  the  Finance  Committee  and  the 
Second  Vice-President  chairman  of  the  Membership  Committee. 

Sec.  3.— The  Secretary  under  the  direction  of  the  President  and  the  Board 
of  Directors  shall  be  the  executive  officer  of  the  Society. 

He  shall  be  the  custodian  of  the  property  of  the  Society  excepting  the 
funds  invested  or  in  bank;  he  shall  keep  the  records  of  the  Society  and  con- 
duct its  correspondence;  he  shall  collect  all  dues  and  transmit  them  to 
the  Treasurer;  he  shall  certify  to  the  correctness  of  all  bills;  he  shall  attend 
all  meetings  of  the  Society  and  of  the  Board  of  Directors  and  prepare  the 
business  for  and  keep  the  minutes  of  such  meetings;  and  he  shall  perform 
such  other  duties  pertaining  to  the  business  of  the  Society  as  may  be  assigned 
to  him  by  the  President  or  the  Board  of  Directors. 

Sec.  4.  — The  Treasurer  shall  have  charge  of  the  funds  of  the  Society  and 
shall  invest  them  in  such  amounts  and  in  such  securities  as  may  be  ordered 
from  time  to  time  by  the  Board  of  Directors. 

He  shall  pay  all  bills  when  approved  by  the  Board  of  Directors  and  shall 
render  statements  of  accounts  with  vouchers  for  all  payments  to  the  Board  of 
Directors  at  their  monthly  meetings  or  at  such  other  times  as  the  Board  may 
direct. 

The  Treasurer  shall  give  a  bond  for  the  proper  discharge  of  the  duties  of 
his  office  in  such  amount  and  with  such  surety  as  the  Board  of  Directors 
shall  approve  and  the  premium  on  the  bond  shall  be  paid  out  of  the  funds 
of  the  Society. 

Sec.  5. — The  management  of  the  affairs  of  the  Society  shall  be  vested  in 
the  Board  of  Directors  which  shall  have  complete  control  of  the  property 
and  funds  of  the  Society. 

Sec  6. — No  contract  or  obligation  whatsoever  shall  be  entered  into  or  in- 
curred by  any  officer  of  the  Society  unless  it  was  previously  authorized  by 
the  Board  of  Directors  or  by  a  majority  vote  of  the  whole  Society. 

Sec  7;— The  Board  of  Directors  shall  pass  upon  and  ratify  or  disapprove 
the  action  of  any  meeting  of  the  Society  in  all  matters  of  policy  or  obligation. 
In  case  such  action  be  disapproved  it  shall  be  the  duty  of  the  Board  to  sub- 
mit the  matter  in  the  form  of  a  letter  ballot  to  the  whole  membership  of  the 
Society  and  the  action  of  the  meeting  shall  be  held  to  be  ratified  and  con- 
firmed if  a  majority  of  the  whole  membership  vote  affirmatively. 

Sec  8.— Within  two  weeks  after  the  annual  meeting  of  the  Society  the 
President  shall  appoint  a  Finance  Committee,  a  House  Committee,  a  Mem- 
bership Committee,  and  a  Publication  and  Library  Committee  to  which 
appropriate  matters  shall  be  referred  for  consideration  and  report  to  the 
Board.  At  least  one  member  of  the  Board  of  Directors  shall  be  a  member  of 
Bach  of  these  committees  and  of  any  additional  committees  which  may  be 
provided  by  the  By-Laws  but  the  Membership  Committee  shall  be  composed 
wholly  of  members  of  the  Board  of  Directors. 
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ARTICLE  VII.— NOMINATIONS  AND  ELECTIONS. 

Section  1. — A  Nominating  Committee  of  fifteen  members  of  the  Societal 
shall  be  chosen  at  the  regular  meeting  in  the  month  of  November. 

Sec.  2. — This  Committee  shall  be  composed  of  members  representing  al 
least  eight  departments  but  there  shall  not  be  more  than  two  members  of  tlul 
Committee  from  any  one  department,  the  offices  of  each  borough  president 
being  considered  one  department.    As  amended  Sep.  28,  1004. 

Sec.  3. — The  Nominating  Committee  shall  prepare  a  list  of  names  to  b< 
voted  upon  for  the  offices  provided  for  in  the  Constitution  and  shall  repon 
them  at  the  regular  December  meeting. 

Sec.  4. — Additional  nominations  may  be  made  by  any  thirty  or  more  mem 
bers  if  the  nominations  are  submitted  to  the  Secretary,  signed  by  sucl 
members,  not  more  than  ten  days  after  the  December  meeting. 

Sec  5. — At  least  ten  days  before  the  annual  meeting,  the  Secretary  shal 
mail  to  each  member  of  the  Society  a  printed  ballot  containing  the  names  o: 
the  members  selected  by  the  Nominating  Committee  for  each  office  togethei 
with  any  additional  nominations  made  as  provided  by  Section  4  of  thil 
article.  These  ballots  may  be  sent  by  mail  to  the  Secretary  or  handed  t( 
him  at  the  annual  meeting.  They  must  be  enclosed  in  two  sealed  envelope! 
and  the  outer  envelope  shall  be  endorsed  by  the  voter's  signature. 

Sec.  6. — The  ballots  shall  be  counted  by  three  tellers  appointed  by  the 
President.  The  member  receiving  the  highest  number  of  votes  for  the  office 
for  which  he  has  been  nominated  shall  be  declared  elected. 

ARTICLE  VIII. — MEETINGS. 

Section  1. — The  Annual  Meeting  of  the  Society  shall  be  held  on  thefourtM 
Wednesday  of  the  year  or  the  nearest  practicable  day,  at  the  Society  meeting! 
room,  at  which  meeting  the  annual  report  for  the  year  ending  December  31st 
next  preceding,  shall  be  presented  and  the  ballot  for  officers  canvassed.  Ai 
amended  Sep.  28,  1904. 

At  this  meeting  fifty  members  shall  constitute  a  quorum. 

Sec.  2. — Meetings  for  the  transaction  of  business,  for  the  reading  and  dis- 
cussion of  papers  and  for  social  intercourse  shall  be  held  on  the  fourth 
Wednesday  of  each  month  or  the  nearest  practicable  day,  excepting  the 
months  of  June,  July  and  August.  At  these  meetings  twenty  members  shall 
constitute  a  quorum.    As  amended  Sep.  28,  1904. 

Sec.  3. — Special  meetings  may  be  called  by  the  President  upon  the  written 
request  of  twenty  members  and  the  purpose  of  the  meeting  shall  be  stated 
in  the  request.  The  call  for  the  meeting  shall  be  issued  at  least  one  week 
prior  to  the  holding  of  the  meeting  and  shall  state  the  purpose  of  it.  Nc 
other  business  than  that  stated  in  the  call  shall  be  taken  up  at  the  meeting.] 
Twenty  members  shall  constitute  a  quorum  for  a  special  meeting. 

Si;<  .  1.  -Meetings  of  the  Board  of  Directors  shall  be  held  at  least  once  a 
mouth,  except  June,  July  and  August,  at  such  times  as  the  Board  may  deter- 
mine ;  seven  members  shall  constitute  a  quorum  for  a  meeting  of  the  Board. 
As  amended  S<>j,.  28,  1904. 
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AKTICLE  IX.— BY-LAWS. 

Section  1. — The  Board  of  Directors  shall  frame  By-Laws  providing  for 
he  conduct  of  meetings  of  the  Society  and  of  the  Board  of  Directors  and  for 
uch  other  routine  business  as  may  not  be  provided  for  by  the  Constitution. 

Sec.  2. — The  By-Laws  shall  not  become  operative  until  they  shall  have 
>een  submitted  to  the  Society  and  approved  by  a  two-thirds  vote  of  the 
aembers  present  at  any  regular  meeting. 

Sec.  3. — Any  of  the  By-Laws  may  be  suspended  at  any  regular  or  special 
neeting  by  a  three-fourths  vote  of  the  members  present. 

ARTICLE  X.  — AMENDMENTS. 

Section  1. — Proposed  amendments  to  the  Constitution  must  be  submitted 
q  writing  and  signed  by  not  less  than  five  members. 

Sec.  2. — An  amendment  may  be  presented  at  any  regular  meeting  and  if 
o  ordered  by  a  majority  of  those  present  it  shall  be  referred  to  the  Board  of 
)irectors.  The  Board  shall  consider  the  proposed  amendment  and  re- 
>ort  with  its  recommendations  at  the  next  regular  meeting.  The  amencl- 
aent  shall  be  open  for  discussion  at  this  meeting  and  may  be  amended 
>y  a  majority  vote  in  any  manner  not  inconsistent  with  the  intent  of  the 
»riginal  amendment. 

Sec.  3. — If  approved  as  offered  or  if  amended  it  shall  be  voted  upon  by 
etter  ballot,  the  ballot  to  be  issued  at  least  ten  days  before  the  next  follow- 
Dg  regular  meeting  at  which  meeting  the  vote  shall  be  counted.  The  ballot 
hall  be  accompanied  by  a  copy  of  the  recommendations  of  the  Board  of 
)irectors. 

Sec.  4. — An  affirmative  vote  of  two-thirds  of  all  the  ballots  cast  shall  be 
lecessary  for  the  adoption  of  any  amendment. 

Sec.  5. — Upon  the  recommendation  of  the  Board  of  Directors  the  By-Laws 
aay  be  amended  at  any  regular  meeting  by  the  same  vote  as  that  required 
or  their  adoption. 


Adopted  April  3,  1903. 


BY=LAWS. 


I.— MEETINGS  OF  THE  BOARD  OF  DIRECTORS 

The  Board  of  Directors  shall  hold  a  meeting  on  the  fourth  Wednesday  of 
each  month  or  the  nearest  practicable  day.  except  in  June,  July  and  August, 
and  it  shall  be  held  prior  to  the  hour  fixed  for  the  meeting  of  the  Society  if 
both  meetings  occur  on  the  same  day.  The  hour  and  place  for  all  meetings 
shall  be  fixed  by  the  President  who  shall  also  have  the  power  to  call  special 
meetings  of  the  Board  whenever  he  deems  them  necessary  or  whenever  so 
requested  in  writing  by  six  of  the  Directors.         amended  Sep.  28,  lft04. 

II.  — MEETINGS  OF  COMMITTEES. 

Meetings  of  each  of  the  Standing  and  Special  Committees  shall  be  held 
whenever  called  by  each  of  the  Chairmen  of  them.  Each  Committee  except- 
ing only  the  Committees  on  Nominations  and  Prizes  shall  hold  at  least  one 
meeting  during  each  month  except  June,  July  and  August. 

III.  — REPORTS  OF  COMMITTEES. 

Each  of  the  Standing  and  Special  Committees  excepting  only  the  Com- 
mittees on  Nominations  and  Prizes  shall  make  a  report  to  the  Board  of  Directors 
at  each  of  its  meetings  including  in  it  a  statement  of  the  work  accomplished 
and  any  recommendations  which  it  deems  proper  for  the  upbuilding  of  the 
Society.  At  the  January  meeting  each  Committee  except  the  Nominating 
Committee  shall  present  a  report  in  writing  covering  its  work  for  the  year 
ending  on  December  31st  preceding.    As  amended  Sep.  28,  1U04. 

IV  — ORDER  OF  BUSINESS  FOR  MEETINGS. 
1.  Board  Meetings. 
L  Roll  Call. 

II.  Reading  of  the  Minutes. 

III.  Report  of  the  Secretary. 

IV.  Report  of  the  Treasurer. 

V.  Report  of  the  Finance  Committee. 
VX  Approval  of  Bills. 

VII.  Report  of  the  Publication  and  Library  Committee. 
VIII    lie  port  of  the  House  Committee. 

IX.  II-  |»Mit  of  the  Committee  on  Inspections. 
X    EU  port  of  the  Membership  Committee. 
XI.   Election  of  Members. 
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XII.  Reports  of  Special  Committees. 

XIII.  Authorization  of  Expenditures. 

XIV.  Announcement  of  Appointment  of  Committees  by  the  President. 
XV.  General  Business. 

XVI.  Adjournment. 

As  amended  Sept.  28,  1904. 

2.  Stated  Meetings  of  the  Society. 

I.  Reading  of  the  Minutes. 
II.  Announcements  by  the  Secretary. 

III.  Appointment  of  Tellers. 

IV.  Collection  of  Ballots. 

V.  Annual  Report  of  Board  of  Directors  (January  meeting). 
VI.  Award  of  Prizes  for  Papers  (January  meeting). 
VII.  Nominations  for  Membership  of  the  Nominating  Committee  (Octo- 
ber meeting). 

VIII.  Election  of  the  Nominating  Committee  (November  meeting). 
IX.  Report  of  the  House  Committee  on  the  Annual  Banquet  (November 
meeting). 

X.  Report  of  the  Nominating  Committee  (December  meeting). 
XI.  General  Business. 
XII.  Reading  of  Paper  and  Discussion. 

XIII.  Report  of  Tellers. 

XIV.  Installation  of  Officers  (January  meeting). 
XV.  Adjournment. 

As  amended  Sep.  28,  1904. 


3.  Special  Meetings  of  the  Society. 

I. .  Reading  of  the  Call  for  the  Meeting. 
II.  Business  for  which  the  Meeting  is  Called. 
III.  Adjournment. 


V.— REPORT  OF  THE  BOARD  OF  DIRECTORS. 

The  Board  of  Directors  shall  prepare  an  annual  report  to  the  Society  and 
present  it  at  the  January  meeting.  This  report  shall  show  the  work 
done  by  the  Society  during  the  twelve  months  ending  on  December  31st  pre- 
ceding and  it  shall  embody  the  reports  of  each  of  the  officers  and  of  the 
chairmen  of  each  of  the  Standing  and  Special  Committees  covering  the  same 
term. 

VI.—  ANNUAL  ADDRESS  BY  THE  PRESIDENT. 

The  retiring  President  shall  make  an  address  reviewing  the  progress  of 
Municipal  Engineering  work  in  New  York  City  and  the  work  of  the  Society. 
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TIL— DUTIES  OF  THE  SECRETARY. 

The  Secretary  shall  carefully  scrutinize  all  expenditures  and  use  his  best 
endeavor  to  secure  economy  in  the  administration  of  the  Society. 

He  shall  keep  an  inventory  of  all  of  the  property  of  the  Society.  He  shall 
have  charge  of  the  Society's  rooms  and  property  and  shall  supervise  and 
direct  the  work  of  all  employees  of  the  Society  under  his  jurisdiction. 

He  shall  collect  all  papers  presented  to  the  Society  together  with  the 
accompanying  drawings  and  illustrations  and  the  discussion  and  after  afford- 
iag  an  opportunity  to  the  authors  to  arrange  the  material  for  publication 
shall  transmit  it  promptly  to  the  Committee  on  Publication  and  Library.  He 
shall  edit  the  annual  publication  of  the  Society  containing  the  Constitution 
and  By-Laws,  list  of  members  and  annual  report. 

At  each  meeting  of  the  Membership  Committee  he  shall  present  all  appli- 
cations for  membership  together  with  such  written  information  as  he  shall 
have  received  concerning  each  applicant. 

He  shall  have  charge  of  the  books  of  classified  accounts  of  the  Society 
and  shall  furnish  the  Board  of  Directors  at  their  monthly  meeting  with  a 
written  statement  of  receipts  and  expenses  for  the  month,  at  such  meetings 
he  shall  also  submit  a  list  containing  the  names  of  members  more  than  three 
months  in  arrears  for  dues  giving  in  the  case  of  each  member  the  full  period 
covered  by  his  arrears. 

His  books  of  accounts  shall  be  open  to  the  examination  of  the  Finance 
Committee  or  their  representative  at  all  reasonable  times. 

He  shall  transmit  to  the  Chairman  of  the  Finance  Committee  pending 
bills  which  have  been  incurred  by  the  Society  with  his  certification  that  they 
are  correct. 

At  the  monthly  meeting  held  in  January  he  shall  also  present  a  report  in 
writing  for  the  preceding  twelve  months  ending  on  December  31st  showing 
the  total  receipts  and  expenses  for  the  year  under  each  of  the  various 
accounts  and  the  cash  balance  available  at  the  beginning  and  end  of  the 
period.  In  this  report  he  shall  also  show  the  property  acquired  by  the 
Society  during  the  aforesaid  period  and  the  total  membership  and  the  changes 
in  it  during  the  year.  A  copy  of  the  portion  of  the  report  showing  the 
financial  transactions  of  the  Society  shall  be  delivered  to  the  Chairman  of 
the  Finance  Committee  at  least  ten  days  before  the  date  of  the  January 
meeting. 

VIII  —  DUTIES  OF  THE  TREASURER. 

The  Treasurer  is  authorized  to  pay  the  Secretary,  upon  his  order  duly 
countersigned  by  the  Chairman  of  the  Finance  Committee,  such  sums  as  may 
be  necessary  but  not  to  exceed  twenty  dollars  in  any  one  month  for  defray* 
iu^r  the  iMcrssiirv  small  expenses  of  the  ttocietv  which  cannot  be  otherwise 
provided  fur,  in  each  case  the  requisition  shull  show  the  items  for  which  the 
mouoy  is  required.    He  shall  also  pay  monthly  the  salaries  of  all  regular 
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employees  of  the  Society  upon  receipt  of  a  pay  roll  from  the  Secretary  giving 
the  name  of  the  employee  and  the  amount  due.  the  correctness  of  it  being 
duly  certified  by  the  Secretary  and  the  Chairman  of  the  Finance  Com- 
mittee, the  former  also  certifying  that  the  employment  of  the  persons  named 
and  the  rate  of  payment  has  been  regularly  authorized  by  the  Board  of 
Directors.  All  other  accounts  shall  be  paid  by  him  promptly  upon  the 
presentation  of  the  bill  and  notification  by  and  the  certification  of  the  Sec- 
retary that  it  is  correct  and  has  been  approved  by  the  Board  of  Directors. 
Upon  payment  of  a  bill  or  upon  making  any  disbursement  authorized 
by  the  Constitution  or  By-Laws  he  shall  notify  the  Secretary  giving  the  date 
and  amount.  He  shall  keep  one  set  of  books  showing  all  of  the  receipts 
and  disbursements,  the  date  of  each,  the  names  of  all  persons  to  whom 
payment  is  made  and  the  nature  of  the  service  or  material  paid  for.  All 
receipts  and  vouchers  for  payment  shall  be  retained  by  the  Treasurer  and 
together  with  his  books  shall  at  all  reasonable  times  be  subject  to  the 
inspection  of  the  Finance  Committee  or  its  representative. 

He  shall  present  a  report  in  writing  at  each  of  the  monthly  meetings 
of  the  Board  of  Directors  giving  in  it  the  cash  balance  at  the  date  of  the 
previous  report,  the  receipts  and  disbursements  since  that  date  and  the  cash 
on  hand  at  the  date  of  the  meeting.  His  report  shall  also  show  the  name  of 
the  institution  where  the  balance  is  deposited. 

At  the  January  meeting  he  shall  also  present  a  statement  showing  the 
receipts  and  disbursements  for  the  twelve  months  preceding  Januarv  1st 
and  the  balance  on  hand  at  the  beginning  and  close  of  the  year.  A  copy  of 
this  report  shall  be  delivered  to  the  Finance  Committee  at  least  ten  days 
before  the  date  of  the  January  meeting.  The  Treasurer  shall  be  placed 
under  a  bond  of  §2,509  to  be  filed  with  the  Secretary  from  which  he  shall 
be  released  upon  the  termination  of  his  term  of  office  after  the  certification 
of  the  Finance  Committee  to  the  Board  of  Directors  that  his  accounts  are 
correct  and  that  all  balances  have  been  transferred  to  his  successor.  Upon 
the  election  of  his  successor  and  the  receipt  of  notice  from  the  Secretary  that 
a  proper  and  satisfactory  bond  has  been  filed  by  the  new  incumbent  the 
outgoing  Treasurer  shall  turn  over  all  of  the  funds  and  vouchers  of  the 
Society  to  his  successor. 

IX. — LIBRARIAN. 

The  Board  of  Directors  upon  the  recommendation  of  the  Publication  and 
Library  Committee  are  empowered  to  elect  a  Librarian  who  shall  be  respon- 
sible under  the  direction  of  the  aforesaid  Committee  for  the  collection  and 
proper  maintenance  of  a  Library  suited  to  the  needs  of  Municipal  Engineers. 
He  shall  hold  office  during  the  term  of  the  Board  which  elected  him  or  until 
his  successor  is  appointed.  He  shall  make  a  report  in  writing  to  the  Publi- 
cation and  Library  Committee  prior  to  each  monthly  meeting  of  the  Beard  of 
Directors  showing  the  increase  in  the  library  during  the  month  immediately 
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preceding  and  recommending  works  the  purchase  or  acquisition  of  which 
appears  desirable.  In  his  report  submitted  prior  to  the  January  meeting  he 
sliall  show  the  work  accomplished  during  the  preceding  year. 

X. — FINANCE  COMMITTEE. 

The  Finance  Committee  shall  be  composed  of  five  members.  It  shall  have 
general  supervision  of  the  financial  affairs  of  the  Society  and  shall  advise  the 
Board  of  Directors  as  to  the  investment  of  money  and  the  handling  of  the 
finances  of  the  Society.  It  shall  examine  and  submit  to  the  Board  of  Direc- 
tors all  bills  which  have  been  incurred  and  which  have  been  presented  and 
shall  indicate  on  each  its  approval  or  disapproval.  It  shall  examine  the 
books  of  the  Secretary  and  Treasurer  at  such  times  as  it  may  deem 
proper  and  upon  the  approval  of  the  Board  of  Directors  it  may  employ 
an  expert  accountant  for  this  purpose.  It  shall  countersign  by  one  of  its 
members  all  drafts  upon  the  Treasurer  for  all  petty  cash  and  all  pay  rolls  of 
the  Society. 

It  shall  submit  a  written  report  at  the  January  meeting  of  the  Board  em- 
bodying in  it  a  report  upon  the  accounts  of  the  Secretary  and  Treas- 
urer for  the  year  ending  December  31st  immediately  preceding.  It  shall  also 
examine  and  report  to  the  Board  upon  the  accounts  of  an  outgoing  Treasurer 
before  his  bond  shall  be  ordered  released. 

XL— HOUSE  COMMITTEE. 

The  House  Committee  shall  be  composed  of  five  members.  It  shall  be  the 
duty  of  this  Committee  under  the  direction  of  the  Board  of  Directors  to 
select  a  proper  place  for  holding  the  monthly  meetings  of  the  Society,  to 
supervise  the  furnishing  of  the  collations,  to  promote  the  sociability 
of  the  members  and  guests  attending  all  meetings  and  to  have  charge 
of  the  selection  and  furnishing  of  the  rooms.  It  shall  also  provide  opportu- 
nities for  acquaintance  and  sociability  at  all  times  and  places  within  its  dis- 
cretion and  power.  It  shall  have  charge  of  the  arrangements  for  an  annual 
banquet  and  shall  report  its  recommendations  for  it  to  the  Board  at  its 
November  meeting,  if  the  Board  so  directs  the  Committee  shall  perfect  the 
arrangements  and  report  upon  them  in  detail  to  the  Secretary  at  least 
three  weeks  prior  to  the  date  fixed  for  the  banquet.  It  shall  present  an  annual 
report  at  the  January  meeting  of  the  Board. 

XII     MEMBERSHIP  COMMITTEE. 

The  Membership  Committee  shall  be  composed  of  five  members.  It  shall 
carefully  consider  the  qualifications  and  desirability  of  all  applicants  for 
int'iiil».T>lii{)  in  the  Society.  It  shall  make  a  report  at  each  monthly  meeting 
of  the  B  >ard  of  Directors  giving  the  name,  title  and  place  of  employment 
of  each  candidate  whoso  application  has  been  examined,  it  shall  also  submit 
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the  papers  connected  with  each  application  and  a  list  of  the  names  cf  these 
whom  it  unanimously  recommends  for  membership.  At  the  January  meeting 
it  shall  present  a  report  showing  the  work  accomplished  during  the  Tear. 
As  amended  Sep.  28,  1904. 

XIII.  — PUBLICATION  AND  LIBRARY  COMMITTEE. 

The  Publication  and  Library  Committee  shall  be  composed  of  six  mem- 
bers. In  selecting  this  Committee  the  President  shall  name  at  least  three 
members  of  the  outgoing  Committee.  It  shall  be  responsible  for  the  pre- 
sentation of  a  technical  paper  at  each  of  the  stated  meetings  of  the  Society 
and  for  the  stimulation  of  the  discussion.  It  shall  have  charge  of  the  annual 
publication  of  the  Society  containing  the  annual  address  of  the  President, 
the  papers  presented  during  the  year  and  the  discussions  together  with  the 
report  upon  works  visited  by  the  Society  during  the  year.  All  such  papers 
and  reports  shall  be  placed  in  its  custody  by  the  Secretary  at  as  early  a  date 
as  practicable  and  they  shall  be  revised  and  edited  for  publication. 

It  shall  be  empowered  to  select  an  Editor  and  a  Business  Manager  subject 
to  the  approval  of  the  Board.  All  business  connected  with  this  publication 
shall  be  attended  to  by  this  Committee  subject  to  the  oversight  and  direction 
of  the  Board  of  Directors,  except  that  all  sales  of  the  publication  shall  be 
made  by  the  Secretary.  All  collections  of  money  made  by  the  Committee 
shall  be  transmitted  promptly  to  the  Secretary  with  a  statement  to  show  its 
source  and  that  officer  shall  thereupon  countersign  the  receipt  given  for  the 
payment.  The  Committee  shall  supervise  the  Library,  shall  purchase  all 
books  and  if  a  Librarian  is  elected  it  shall  direct  him  in  his  work.  It  shall 
transmit  to  the  Board  of  Directors  at  its  monthly  meeting  a  report 
concerning  the  progress  of  the  work  entrusted  to  it  and  its  report  sub- 
mitted at  the  January  meeting  shall  embody  a  complete  statement  of  the 
work  done  during  the  year  and  an  account  of  the  money  expended  and 
collected  by  it.    As  amended  Sep.  28,  1904. 

XIV.—  COMMITTEE  ON  INSPECTIONS. 

Whenever  so  directed  by  the  Board  of  Directors  the  President  shall  ap- 
point a  Committee  on  Inspections  whose  duty  it  shall  be  to  arrange  for 
frequent  visits  of  the  members  of  the  Society  to  various  municipal  and  other 
engineering  works  in  progress  within  the  limits  or  in  the  vicinity  of  the  City 
of  New  York.  This  Committee  shall  be  composed  of  five  members  of  the 
Society,  one  from  each  Borough  and  shall  be  empowered  to  add  temporarily 
to  its  membership  a  member  of  the  Society  who  is  connected  or  familiar  with 
the  work  to  be  visited,  such  temporary  member  of  the  Committee  to  have  no 
voice  in  its  work  except  in  so  far  as  it  relates  to  the  special  visit  for  which 
the  appointment  was  made.  The  Committee  shall  advise  the  Secretary  of  all 
visits  arranged  for  and  the  dates  fixed  for  them  and  if  they  be  approved  by  the 
President,  the  former  officer  shall  notify  the  membership  at  large. 

The  Committee  shall  prepare  or  have  prepared  a  brief  account  of  all  works 
examined  and  shall  transmit  it  promptly  to  the  Chairman  of  the  Publication 
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and  Library  Committee  for  insertion  in  the  annual  publication.  The  Com- 
mittee shall  submit  a  report  at  each  of  the  monthly  meetings  of  the  Board 
of  Directors  and  shall  make  an  annual  report  for  presentation  at  the  January 
meeting. 

XV.  — COMMITTEE  ON  PRIZES. 

For  the  purpose  of  stimulating  a  healthy  rivalry  in  the  preparation  of 
papers  and  to  encourage  members  to  present  valuable  data  to  the  Society, 
the  Board  of  Directors  shall  appropriate  annually  a  sum  of  not  less  than 
twenty-five  dollars  to  be  used  for  the  purchase  of  a  prize  to  be  given  to  the 
writer  of  the  paper  deemed  by  the  Committee  on  Prizes  to  be  the  most  meri- 
torious of  the  year.  This  prize  shall  be  a  pin  or  pendant  of  a  design  approved 
by  the  Society  or  it  shall  be  cash  as  preferred  by  the  recipient.  The  Com- 
mittee on  Prizes  shall  be  composed  of  three  members  and  shall  be  appointed 
by  the  President  but  no  member  of  this  Committee  shall  be  a  member  of  the 
Committee  on  Publication  and  Library.  This  Committee  shall  report  at  the 
January  meeting  of  the  Board  of  Directors  giving  the  name  of  the  author  of 
the  paper  presented  duriug  the  preceding  twelve  months  which  it  deems  to 
be  the  most  meritorious  in  promoting  engineering  knowledge.  To  the  author 
of  this  paper  the  prize  fixed  by  the  Board  shall  at  once  be  paid  by  the  Treas- 
urer and  notice  of  the  award  shall  be  presented  at  the  following  meeting  of 
the  Society  and  shall  likewise  be  printed  in  both  publications  of  the  Society. 
This  Committee  shall  also  have  jurisdiction  over  the  awarding  of  any  other 
prizes  which  may  be  provided.  The  Committee  shall  have  power  to  call 
upon  the  Publication  and  Library  Committee  for  all  papers  submitted  to  the 
Society. 

XVI.  — ELECTION  OF  NOMINATING  COMMITTEE. 

Nominations  for  membership  of  the  Nominating  Committee  shall  be  made 
at  the  October  meeting  of  the  Society  and  shall  consist  of  the  proposal  of  a 
name  by  one  member  and  the  seconding  of  it  by  another.  Further  nomina- 
tions may  be  made  by  any  five  members  who  shall  submit  the  name  of  their 
candidate  or  candidates  to  the  Secretary  in  writing  duly  signed  at  least  a 
week  prior  to  the  date  of  the  November  meeting.  No  other  nominations 
shall  be  considered.  The  Secretary  shall  have  a  ballot  prepared  for  use 
at  the  November  meeting,  which  shall  contain  the  names  of  all  candidates 
regularly  proposed  and  the  name  of  the  Department  with  which  each  is 
connected.  In  case  more  than  two  members  from  the  same  Department  re- 
ceive a  majority  vote,  the  two  having  the  greatest  number  of  votes  shall  be 
declared  elected  and  anew  ballot  shall  at  once  be  ordered  and  further  re- 
peated if  licet  ssarv,  until  the  Nominating  Committee  has  been  selected  as  pro- 
vided in  the  Constitution.  Any  ballot  in  favor  of  more  candidates  than  are 
to  be  elected  shall  he  deemed  void. 
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XVII. — ELECTION  OF  MEMBERS. 

With  the  general  notice  of  each  meeting  or  with  any  special  notice,  the 
Secretary  shall  submit  a  list  of  the  names  and  official  titles  of  all  candidates 
for  membership  in  the  Society  giving  the  name  of  the  department  and 
borough,  with  which  each  candidate  is  connected  and  inviting  mem- 
bers to  promptly  notify  the  Board  of  Directors  concerning  the  desirability  or 
otherwise  of  admitting  the  candidate  to  membership.  All  replies  to  this 
notice  shall  be  delivered  to  the  Committee  on  Membership  and  shall  be  con- 
sidered by  it  in  connection  with  its  examination  of  the  qualifications  of  the 
candidate  to  which  the  reply  relates.    As  amended  Sep.  28,  1904. 

All  elections  of  members  by  the  Board  of  Directors  shall  be  by  individual 
ballot  and  all  information  furnished  to  the  Board  concerning  applicants 
shall  be  deemed  strictly  confidential.  The  name  of  no  candidate  shall  be 
considered  for  election  until  after  five  days  have  elapsed  from  the  date  of 
advising  the  membership  that  the  name  was  under  consideration  by  the 
Board. 

The  Secretary  shall  report  to  the  Society  at  its  next  meeting  the  names  of 
all  candidates  elected  by  the  Board  of  Directors  since  the  date  of  the  previous 
meeting  of  the  Society  and  a  ballot  shall  then  be  taken  to  confirm  or  reject 
the  election.  For  such  an  election  a  blank  ballot  shall  be  distributed  on 
which  the  names  of  the  candidates  shall  be  written  and  followed  by  the  words 
4 'Yes"  or  "No."  In  counting  ballots  all,  even  though  blank,  shall  be 
deemed  favorable  to  the  candidate  except  such  as  bear  his  name  with  the 
word  "  No  "  written  or  printed  after  it. 

The  successful  candidate  for  election  to  membership  shall  be  notified  by 
the  Secretary  and  upon  the  payment  of  his  dues  and  the  signature  of  such 
pledge  to  uphold  the  objects  of  the  Society  as  may  be  required  by  the  Board 
of  Directors,  he  shall  become  a  member  of  the  Society. 

XVIII.  —PUBLICATIONS. 

1.  — Two  publications  shall  be  issued  annually  and  as  soon  after  the 
annual  meeting  as  may  be  feasible.  One  of  these  shall  be  designated  "The 
Constitution.  By-Laws,  List  of  Members  and  Annual  Report  of  The  Municipal 
Engineers  of  The  City  of  New  York."  The  other  shall  be  designated  "The 
Proceedings  of  The  Municipal  Engineers  of  The  City  of  New  York." 

2.  —  "  The  Constitution,  By-Laws,  List  of  Members  and  Annual  Report  of 
The  Municipal  Engineers  of  The  City  of  New  York  "  shall  be  edited  by  the 
Secretary  and  shall  contain  the  Constitution  and  By  Laws,  the  annual  report 
of  the  Board  of  Directors,  a  list  of  all  officers  and  committees  of  the  Society 
during  the  year  of  publication  and  the  one  immediately  preceding,  a  list  of 
all  Past  Presidents  and  the  names  of  all  members.  It  shall  contain  a  list 
of  the  technical  papers  presented  during  the  year  and  the  names  of  their 
authors,  the  papers  awarded  the  Society  prizes  for  the  preceding  year  being 
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indicated.  It  shall  also  show  the  names  and  locations  of  the  works  visited 
by  the  Society  since  the  date  of  the  previous  publication. 

The  list  of  members  shall  be  arranged  alphabetically  and  shall  give  the 
full  name  of  the  member,  his  address,  title,  the  names  of  the  department, 
and  borough  with  which  he  is  connected  and  the  date  of  his  election  to  mem- 
bership.   As  amended  Sep.  28,  1904. 

3. — "The  Proceedings  of  The  Municipal  Engineers  of  The  City  of  New 
York  "  shall  contain  the  annual  address  of  the  President  and  all  of  the  papers 
presented  at  meetings  of  the  Society  held  during  the  preceding  year  together 
with  the  discussions.  Ihe  papers  for  which  prizes  were  awarded  shall  be 
plainly  indicated.  It  shall  also  contain  a  list  of  the  officers  and  committees 
for  the  year  of  publication  and  for  the  one  immediately  preceding.  There 
shall  also  appear  in  this  volume  a  description  of  all  of  the  works  visited  by  the 
Society  during  the  preceding  year. 

XIX. -BADGE. 

The  badge  of  the  Society  shall  be  an  enameled  gold  button,  pin  or  pend- 
ant bearing  the  name  of  the  Society  and  the  Seal  of  The  City  of  New  York  or 
a  portion  thereof.  Tho  detailed  design  shall  be  determined  by  letter  ballot 
of  the  entire  membership  upon  such  forms  as  may  be  recommended  by  the 
Board  of  Directors.  Badges  shall  be  purchased  only  through  the  Secretary 
and  at  the  price  fixed  by  the  Board  of  Directors  and  a  person  severing  his 
connection  with  the  Society  shall  deliver  his  badge  to  the  Secretary  who  will 
allow  him  for  it  its  intrinsic  value.    As  amended  Feb.  24,  1904. 

XX. -CERTIFICATE  OF  MEMBERSHIP. 

Upon  application  by  any  member  to  the  Secretary  and  the  payment  of 
two  dollars,  the  Society  shall  issue  an  engrossed  certificate  of  membership 
signed  by  its  President  and  Secretary.  This  certificate  shall  give  the  name 
of  the  member,  the  date  of  his  membership  and  the  date  of  issue.  Any 
member  expelled  from  the  Society  shall  at  once  return  his  certificate  to  the 
Secretary. 

XXI.-EMPLOYEES. 

The  Board  of  Directors  shall  appoint  the  employees  of  the  Society  and 
fix  the  salaries  or  other  compensations  of  all  officers  and  employees. 

XXII.  -FORMS. 

The  Board  of  Directors  shall  prescribe  and  adopt  forms  for  the  transaction 
of  all  current  business  of  the  Society. 

Adopted  by  the  Board,  July  N,  L908. 
Approved  l>y  the  Society,  September  30,  VMS. 


CERTIFICATE  OF  INCORPORATION  OF  THE  HUNICIPAL 
ENGINEERS  OF  THE  CITY  OF  NEW  YORK. 


Know  all  men  by  these  presents,  that  we,  Nelson  P.  Lewis,  Othniel  F. 
Nichols,  Samuel  C.  Thompson,  Wisner  Martin,  Arthur  S.  Tuttle,  C.  B.  J. 
Snyder,  John  C.  Wait,  Edward  A.  Miller,  George  W.  Tillson,  Frederick 
Greiffenberg,  George  S.  Rice,  Max  Raymond,  Henry  R.  Asserson,  Bernard 
M.  Wagner,  Theodor  S.  Oxholm,  Rudolph  Hering,  Robert  Ridgway,  William 
S.  Dalrymple,  Robert  R.  Crowell  and  Frederick  Skene,  all  citizens  of  the 
United  States  and  of  the  States  of  New  York  and  Xew  Jersey,  being  desirous 
of  forming  ourselves  into  a  society  or  club  for  technical  and  social  purposes, 
under  the  provisions  of  Chapter  XLI1I  of  the  General  Laws  or  Chapter  559 
of  the  Laws  of  1895  of  the  State  of  New  York  and  the  acts  amending  the  same, 
do  hereby  certify  as  follows: 

I.  — The  name  or  title  by  which  the  society  or  club  into  which  we  desire 
to  form  ourselves  as  aforesaid  shall  be  known  in  law,  shall  be  "The  Municipal 
Engineers  of  The  City  of  Xew  Y'ork." 

II.  — The  particular  business  and  object  of  such  society  or  club  shall  be 
to  further  the  material  development  of  The  City  of  New  York,  to  elevate  the 
standard  of  efficiency  and  harmonize  the  work  of  the  engineering  staffs  of  the 
several  departments  of  the  public  service  and  to  promote  the  technical, 
professional  and  social  interests  of  the  engineers  in  the  employ  of  the  City 
and  for  that  purpose  to  establish  and  maintain  in  The  City  of  New  York,  for 
the  use  of  ourselves,  our  associates  and  successors,  a  club  house  having  a 
library,  a  reading  room  and  such  other  appurtenances  and  belongings  as  are 
usual  in  society  and  clubhouses. 

III.  — The  territory  in  which  the  society  or  club  shall  conduct  its  opera- 
tions is  within  the  limits  of  The  City  of  New  York. 

IV.  — The  principal  offices  shall  be  located  in  the  Borough  of  Manhattan 
of  The  City  of  New  York.  The  annual  meeting  shall  be  held  on  the  fourth 
Wednesday  of  January. 

V.  — The  number  of  trustees,  directors  or  managers  to  manage  the  said 
society  or  club  house  shall  be  twenty. 

VI.  — The  names  and  residences  of  its  trustees,  directors  or  managers  until 
its  first  annual  meeting  are  as  follows: 

Nelson  P.  Lewis,  1511  Albemarle  Road,  Brooklyn. 
Othniel  F.  Nichols,  42  Gates  Avenue,  Brooklyn. 
Samuel  C.  Thompson,  950  East  160th  Street,  The  Bronx. 
Wisner  Martin,  57  West  75th  Street,  Manhattan. 
Arthur  S.  Tuttle,  1050  82d  Street,  Brooklyn. 
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C.  B.  J.  Snyder,  317  West  95th  Street,  Manhattan. 

John  0.  Wait,  356  West  145th  Street,  Manhattan. 

Edward  A.  Milder,  1227  Tinton  Avenue,  The  Bronx. 

George  W.  Tillson,  93  Lenox  Road,  Brooklyn. 

Frederick  Greiffenberg,  222  West  24th  Street,  Manhattan. 

George  S.  Rice,  Audubon  Park,  Manhattan. 

Max  Raymond,  504  West  151st  Street,  Manhattan. 

Henry  R.  Asserson,  961  Bergen  Street,  Brooklyn. 

Bernard  M.  Wagner,  257  East  12th  Street,  Manhattan. 

Theodor  S.  Oxholm,  West  New  Brighton,  Richmond. 

Rudolph  Hering,  Montclair,  New  Jersey. 

Robert  Ridgway,  504  West  143d  Street,  Manhattan. 

William  S.  Dalrymple,  219  East  60th  Street,  Manhattan. 

Robert  R.  Ceowell,  73  Herrirnan  Avenue,  Jamaica,  Queens. 

Frederick  Skene,  411  Lockwood  Street,  Astoria,  Queens. 

In  witness  whereof,  we  have  to  this  certificate  respectively  signed  our 
names  this  twenty-third  day  of  December,  one  thousand  nine  hundred  and 
three. 


Nelson  P.  Lewis, 
Othniel  F.  Nichols, 
Samt'el  C.  Thompson, 


George  S.  Rice, 
3 Tax  Raymond, 
Henry  R.  Asserson. 
Bernard  M.  Wagner, 
Theodor  S.  Oxholm, 
Rudolph  Hering, 
Robt.  Ridgway, 
Wm.  S.  Dalrymple, 
Robert  R.  Crowell, 
Frederick  Skene. 


Wisner  Martin, 
Arthur  S.  Tuttle 
C.  B.  J.  Snyder, 
John  C.  Wait, 


Edward  A.  Miller, 


Geo.  W.  Tillson, 
F.  Greiffenberg, 


Here  follow  the  usual  acknowledgments. 


OFFICERS  FOR  1903. 


PRESIDENT 
NELSON  P.  LEWIS. 


FIRST  VICE-PRESIDENT 
OTHNIEL  F.  NICHOLS. 

SECOND  VICE-PRESIDENT 
SAMUEL  C.  THOMPSON. 


SECRETARY 
WISNER  MARTIN. 


TREASURER 
ARTHUR  S.  TUTTLE. 


DIRECTORS 

Term  expires  January,  1904. 

RUDOLPH  HERING,  ROBERT  RIDGWAY, 

WILLIAM  S.  DALRYMPLE,  ROBERT  R.  CROWELL, 

FREDERICK  SKENE. 


Term  expires  January,  1905. 

GEORGE  S.  RICE,  MAX  RAYMOND, 

HENRY  R.  ASSERSON,  BERNARD  M.  WAGNER, 

THEODOR  S.  OXHOLM. 

Term  expires  January,  1906. 
C.  B.  J.  SNYDER,  JOHN  C.  WAIT, 

EDWARD  A.  MILLER,  GEORGE  W.  TILLSON, 

FREDERICK  GREIFFENBERG. 


COMMITTEES  FOR  1903. 


The  President  is  ex  officio  a  member  of  all  committees. 
STANDING  COMMITTEES. 


FINANCE 

OTHNIEL  F.  NICHOLS,  Chairman,  ex  officio;   HORACE  LOOMIS,  GEORGE  C.  WHIPPLE, 
MACDONOUGH  CRAVEN,  MARTIN  SCHENCK. 


HOUSE 

EDWARD  A.  MILLER,  Chairman;   HENRY   A.   LA  CH1COTTE,   EDWARD  A.  BYRNE, 
MAX  L.  BLUM,  FREDERICK  C.  NOBLE. 

PUBLICATION  AND  LIBRARY* 

GEORGE  S.  RICE,  Chairman;    ANDREW  J.  PROVOST,  Jr.,    LOUIS  L.  TRIBLS, 
EDWARD  WEGMANN,  HENRY  W.  VOGEL,  DANIEL  L.  TURNER. 


ON  INSPECTIONS 

ALBERT    CARR,    Manhattan,    Chairman;     KINGSLEY    L.    MARTIN,  Brooklyn; 
WILLIAM  F.  JOHNES,  The  Bronx;   HAROLD  TAIT,  Queen*; 
WILLIAM  R.  HILLYER,  Richmond. 
Associates.    HENRY  A.  LA  CHICOTTE,  of  the  DEPARTMENT  OF  BRIDGES,  and 
GEORGE  S.  RICE,  of  the  RAPID  TRANSIT  RAILROAD  COMMISSIONERS. 


ON  PRIZES 

THEODOR  S.  OXHOLM,  Chairman;  CHARLES  H.  BULL,  GEO.  HALLETT  CLARK. 


NOMINATING 

GEORGE  R.  OLNEY,  Chairman;  ALBERT  W.   HANKINSON,  HERMAN  K.  ENDEMANN, 
GEORGE  A.  TABER,  GEORGE  T.  HAMMOND,  FRANK  G.  FOWLER,  EDWIN  C.  GREGORY  . 
MYRON     H.     LEWIS,     BENJAMIN     S.     WEVER,     WILLIAM     L.  PYNE, 
JOHN  H.  WEINBERGER,    WILLIAM  D.  LINTZ,    LAZARUS  WHITE, 
HENRY  W.  VOGEL,  CHARLES  H.  VANDERBILT. 

SPECIAL  COMMITTEES. 


ON  BY-LAWS 

ARTHUR  S.  TUTTLE,  Chairman;  BERNARD  M.  WAGNER ,  THEODOR  S.  OXHOLM. 


ON  BADGE  AND  SEAL 

HENRY  R.  ASSER50N,  Chairman;  BENJAMIN  E.  BLAUVBLT,  MARTIN 
EDWARD  H.  HOI. Dl  N.  CLARENCE  I).  POLLOCK. 


OFFICERS  FOR  1904. 


PRESIDENT 
NELSON  P.  LEWIS. 

FIRST  VICE-PRESIDENT 
SAMUEL  C.  THOMPSON. 

SECOND  VICE-PRESIDENT 
HENR#  A.  LA  CHICOTTE. 

SECRETARY 
WISNER  MARTIN. 

TREASURER 
ARTHUR  S.  TUTTLE. 

DIRECTORS 

Term  expires  January,  1905. 

GEORGE  S.  RICE,  MAX  RAYMOND, 

HENRY  R.  ASSERSON,  BERNARD  M.  WAGNER, 

THEODOR  S.  OXHOLM. 

Term  expires  January,  1906. 

C.  B.  J.  SNYDER,  JOHN  C.  WAIT, 

EDWARD  A.  MILLER,  GEORGE  W.  TILLSON, 

FREDERICK  GREIFFENBERG. 

Term  expires  January,  1907. 


CHANDLER  WITHINGTON,  HAROLD  TAIT, 

WILLIAM  S.  DALRYMPLE,  ROBERT  RIDGWAY, 

ROBERT  R.  CROWELL. 


COMMITTEES  FOR  1  90  4. 


The  President  is  ex  officio  a  member  of  all  committees. 
STANDING  COMMITTEES. 


FINANCE 

SAMUEL  C.  THOMPSON,  Chairman,  ex  officio;  EDWARD  A.  BYRNE,  WILLIAM  W. 
BRUSH,  WILLIAM  S.  DALRYMPLE,  GEORGE  A.  TABER. 

HOUSE 

ROBERT  RIDGWAY,  Chairman;   OSCAR  ERLANDSEN,  DANIEL  D.  JACKSON, 
ALEXANDER  THOMSON,  Jr.,  RALPH  N.  WHEELER. 

PUBLICATION  AND  LIBRARY 

GEORGE  W.  TILLSON,  Chairman;  MAX  L.  BLUM,  ANDREW  J.  PROVOST,  Jr., 
DANIEL  L.  TURNER,  GEORGE  W.  TUTTLE,  HENRY  W.  VOGEL. 

ON  INSPECTIONS 

CHANDLER  WITHINGTON,  Manhattan,  Chairman;    CLARENCE  D.  POLLOCK,  Brookl> 
DANIEL  ULRICH,  The  Bronx;  HERMAN  K.  ENDEMANN,  Queens; 
JOHN  T.  FETHERSTON,  Richmond. 


PAST  OFFICERS. 


Officers  of  the  Society  since  its  organization. 
PRESIDENT 

NELSON  P.  LEWIS    1903=4 

FIRST  VICE-PRESIDENTS 

OTHNIEL  F.  NICHOLS   1903 

SAMUEL  C.  THOMPSON   1904 

SECOND  VICE-PRESIDENTS 

SAMUEL  C.  THOMPSON   I9°3 

HENRY  A.  LA  CHICOTTE   1904 

SECRETARY 

WISNER  MARTIN   1903-4 

TREASURER 

ARTHUR  S.  TUTTLE   1903=4 

DIRECTORS 

RUDOLPH  HERING   1903 

ROBERT  RIDGWAY   1903-4-5-6 

WILLIAM  S.  DALRYMPLE   1903=4=5=6 

ROBERT  R.  CROWELL   1903-4=5=6 

FREDERICK  SKENE   ,003 

GEORGE  S.  RICE   1903-4 

MAX  RAYMOND   1903-4 

HENRY  R.  ASSERSON   1903=4 

BERNARD  M.  WAGNER   1903=4 

THEODOR  S.  OXHOLM   1903=4 

C.  B.  J.  SNYDER   1903=4=5 

JOHN  C.  WAIT   1903=4=5 

EDWARD  A.  MILLER   1903=4=5 

GEORGE  W.  TILLSON   1903=4=5 

FREDERICK  GREIFFENBERG   1903=4=5 

CHANDLER  WITHINGTON   1904=5=6 

HAROLD  TAIT   1904=5-6 


LIST  OF  MEMBERS. 


Note. —In  addition  to  the  provision  of  the  Constitution,  Article  VII.  Section  2.  the  Board  of 
Directors  has  approved  the  following  classification  of  members  : 

A  member  who  is  not  attached  to  a  department,  commission,  board  or  borough  president's 
bureau  should  be  assigned  to  the  one  of  these  with  which  his  principal  work  is  most  nearly  con- 
nected. 

The  borough  should  be  indicated  in  which  is  the  office  of  the  member's  own  chief  engineer  or- 
deputy  commissioner  or  other  officer  whose  authority  over  him  corresponds  to  that  of  either 
of  these. 


Members  are  requested  to  notify  the  Secretary  at  once 
of  any  errors  in  this  list  and  to  inform  him  promptly  of  any 
change  of  address  for  mail  matter. 


Adriance,  Thomas  Floy.  Engr.,  Highway  Dept.,  Harris- 
burg,  Pa   30  Apr.,  1003 

Agramonte,  Emilio,  Jr.  Asst.  Engr.,  Dept.  Water  Supply. 
Gas  and  Elec,  Manhattan,  Park  RowBldg.,  Room  1520, 
New  York   30  Apr.,  1903 

Allen,  Austin*  Ewen.  Asst.  Engr.  in  Chg.  of  Lighting, 
Dept.  Water  Supply,  Gas  and  Elec.,  Brooklyn,  170 
Hawthorne  St. ,  Brooklyn   30  Apr.  ,1903 

Ahdrus,  Nathaniel  Hammond.  Leveler,  Dept.  Parks,  Man- 
hattan, 2013  Fifth  Ave.,  New  York   30  Apr.,  1903 

Ankener,    Ernest.     Asst.    Engr.,    Topographical  Bureau, 

Queens,  140  Twelfth  Ave.,  Long  Island  City   30  Apr.,  1903 

A  keener,  Richard.  Transitman,  Dept.  Water  Supply,  Gas 
and  Elec,  Brooklyn,  140  Twelfth  Ave.-,  Long  Island 
City   30  Apr.,  1903 

Asserson,  Henry   Raymond.    Chf.  Engr.,  Bureau  Sewers, 

Brooklyn,  Floral  Park,  N.  Y   30  Apr  , 1903 

A i  s ten,  Elmore  Farrinoton.    Asst.  Engr.,  Bureau  Sewers. 

The  Bronx,  Kingsbridge,  N.  Y   30  Apr.,  1903 

Baldwin,  Richard,  Jr.  Asst.  Engr.,  Aqueduct  Com.,  Man- 
hattan, Kingsbridge,  N.  Y   80  Apr..  1903 

Balet,  Joseph  Wilhelmus.    Asst.  Engr.,  Dept.  Bridges, 

Manhattan,  1958  Madison  Ave,  New  York   30  Apr.,  1903 

Basc(»mi:.  \\  isiii;n   Radford.     Asst.  Engr.,  Dept.  Bridges, 

Manhattan,  11  West  25th  St. .  NYm  York   30  Apr. ,1908 
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Bassett,  Elliot  Thompson.  Arch.  Draftsman.  Dept.  Edu- 
cation. Manhattan,  19  North  Broadway,  Yonkers,  N.  Y.    30  Apr., 1903 

Bayles,  James  Coppee.    Cons.  Engr.  to  Borough  President, 

Manhattan,  41  Park  Row,  New  York   30  Apr., 1903 

Benedict.  Claikvtlle  Ezea.    Transitman,  Aqueduct  Com., 

Manhattan,  Katonah,  N.  Y   30  Apr.,  1903 

Bensel,  John  Anderson.    Engr. -in-Chief,  Dept.  Docks  and 

Ferries,  Manhattan,  Pier  A,  North  Biver,  New  York.  .  .    30  Apr. ,1903 

Bernhardt,  Martin,  Jr.    Transitman,  Offices  Public  Works, 

Eichmond,  2594  Third  Ave.,  New  York   30  Apr., 1903 

Betts,  Fred  Keeler.    Asst.  Engr.,  Dept.  Water  Supply,  Gas 

and  Elec,  Manhattan,  Katonah,  N.  Y   30  Apr., 1903 

Bischof,  George  John.    Asst.  Engr.  in  Chg.,  Topographical 

Bureau,  Brooklyn,  4  Court  Square,  Brooklyn   30  Apr., 1903 

Blake,  Bichard  Lowery.    Transitman,  Dept.  Water  Supply, 

Gas  and  Elec,  Manhattan,  High  Bridge,  N.  Y   30  Apr.,  1903 

Blacyelt,  Benjamin  Lewis.  Leveler,  Aqueduct  Com.,  Man- 
hattan, 632  West  158th  St.,  New  York   30  Apr.,190:>» 

Blum,  Maximilian    Lindheim.    Topo.    Draftsman,  Bureau 

Highways.  Manhattan,  175  East  80th  St.,  New  York  ...    30  Apr., 1903 

Bonnett,  Charles  Pierre.    Leveler,  Topographical  Bureau, 

The  Bronx,  Perry  Avenue,  Williamsbridge,  N.  Y    30  Apr., 1903 

Brick,  Samuel  R.,  Jr.  Deputy  Supt.  School  Buildings,  Dept. 

Education,  Richmond,  New  Brighton.  N.  Y   30  Apr., 1903 

Briggs,  Josl\h  Ackerman.  Chf.  Engr.,  Offices  Borough  Pres- 
ident, The  Bronx,  Municipal  Bldg.,  Third  Ave.  and 
177th  St.,  New  York   30  Apr., 1903 

Brink,  Lawrence  Calvin.    Asst.  Engr.,  Rapid  Transit  R.  R. 

Com.,  Manhattan,  147  Columbus  Ave.,  New  York   30  Apr., 1903 

Broadhurst.  William  Homer.    Chemist,  Bureau  Highways, 

Brooklyn,  Municipal  Bldg.,  Room  51,  Brooklyn   30  Apr., 1903 

Browne,  Martin  Joseph.    Prin.  Asst.  Engr.,  Bureau  Sewers, 

Manhattan,  Park  Row  Bldg.,  Room  1309,  New  York  ...    30  Apr., 1903 

Brush,  James  Lyles,  Jr.    Arch.  Draftsman,  Dept.  Education, 

Brooklyn,  547  Pacific  St.,  Brooklyn   30  Apr., 1903 

Brush,  William  Whitelock.  Asst.  Engr.,  Dept.  Water  Sup- 
ply, Gas  and  Elec,  Brooklyn,  Municipal  Bldg.,  Room 
4l",  Brooklyn   30  Apr.  ,1903 

Bull,  Charles  Hudson.  Asst.  Engr.,  Dept.  Water  Supply, 
Gas  and  Elec,  Manhattan,  702  Madison  Ave.,  New 
York   30  Apr.,  1903 

Bunting,  William  Charles.  Transitman,  Dept.  Parks,  Man- 
hattan, 333  East  118th  St.,  New  York   30  Apr.,  1903 

Burgess,   Alfred  Samuel.     Topo.   Draftsman,  Aqueduct 

Com.,  Manhattan,  2092  Bathgate  Ave.,  New  York   30  Apr., 1903 
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Burnt,  William  Hubert.    Prof,  of  Civ.  Eng.,  Columbia  Univ. 
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Wilcock,  Frederick.     Asst.  Engr.,  Eapid  Transit  E.  E. 

Com.,  Manhattan,  862  50th  St.,  Brooklyn   27  Jan.,  1904 

Wilkens,  John  Dietrich.  Asst.  Engr.,  Dept.  Bridges,  Man- 
hattan, 152  East  56th  St.,  New  York   30  Apr.,  1903 

Williamson,   Francis  Stuart.     Cons.  Engr.  to  Borough 

President,  Manhattan,  25  Broad  St.,  New  York   30  Apr., 1903 

Wimmer,  Eobert  Albert.     Draftsman,  Dept.  Docks  and 

Ferries,  Manhattan,  1072  Park  Ave.,  New  York   30  Apr., 1903 

Windowsky,  Bernard.  Topo.  Draftsman,  Topographical 
Bureau,  The  Bronx,  Municipal  Bklg.,  Third  Ave.  and 
177th  St.,  New  York   30  Apr., 1903 

Winslow,    George  Edwin.     Asst.  Engr.,   Bureau  Sewers, 

Brooklyn  Municipal  Bldg.,  Booni  50.  Brooklyn   30  Apr., 1903 

Withington,  Chandler.    Prin.  Asst.  Engr.,  Dept.  Finance, 

Manhattan,  280  Broadway,  New  York   30  Apr. ,  1903 

Wood,  George.    Transitman,  Topographical  Bureau,  Eich- 

mond,  189  Montague  St.,  Eoom  205,  Brooklyn   30  Apr.,  1903 

Woythaler,  Albert  Berson.    Cement  Tester,  Eapid  Transit 

E.  E.  Com.,  Manhattan,  11  South  St.,  New  York   30  Apr., 1903, 

Wynkoop,  Hubert  Schuurman.  Elec.  Engr.,  Dept.  Water 
Supply,  Gas  and  Elec,  Brooklyn,  Municipal  Bldg., 
Eoom  33  A,  Brooklyn  "   30  Apr. ,  1903 

Zartmann,  Wllliam  John.     Supt.  of  Parks,  Dept.  Parks, 

Brooklyn,  Ocean  Ave.  &  Ave.  K,  Brooklyn   30  Apr.,  1903 


February  29,  1904. 
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ACCOUNTS. 


Manhattan. — H.  A.  Reid. 


AQUEDUCT. 

Manhattan.  — R.  Baldwin,  Jr.,  C.  E.  Benedict,  B.  L.  Blauvelt,  A.  S.  Burgess, 
E.  E.  de  Lancey,  M.  H.  Lewis,  C.  C.  Manning,  R.  A.  McKim,  J. 
O'Connor,  F.  B.  Rogers,  J.  P.  Schermerhorn,  D.  Ulricb,  F.  W.  Wat- 
kins,  E.  Wegmann. 

BRIDGES. 

Manhattan. — J.  W.  Balet,  W.  R.  Bascome,  E.  A.  Byrne,  N.  Cunimings,  O. 
Erlandsen,  Or.  R.  Ferguson,  E.  A.  Fintel,  M.  Gay,  E.  P.  Herrmann,  E. 
B.  Jennings,  E.  D.  Knap,  J.  A.  Knighton,  H.  A.  La  Cbicotte,  K.  L. 
Martin,  A.  McLean,  L.  S.  Moisseiff,  P.  J.  Murphy,  O.  F.  Nichols,  S.  R. 
Probasco,  H.  D.  Robinson,  J.  G.  Theban,  J.  A.  Tilly,  J.  H.  Wein- 
berger, J.  D.  Wilkens. 

CIVIL  SERVICE. 

Manhattan.— P.  S.  Hildreth. 

DOCKS. 

Manhattan. — J.  A.  Bensel,  W.  J.  Crowley,  A.  M.  Goge,  "W.  G.  Johnson,  A. 
J.  Miainaugh,  M.  Raymond,  I.  J.  Stander,  B.  S.  Wever,  R.  A.  Wimmer. 

EDUCATION. 

Manhattan.  — E.  T.  Bassett,  H.  B.  Cotfman,  H.  M.  Devoe,  E.  L.  Gunter,  E. 

J.  Lance,  C.  B.  J.  Snyder. 
Brooklyn. —J.  L.  Brush,  Jr. 
The  Bronx.— G.  Krug. 
Richmond. — S.  R.  Brick,  Jr. 

ESTIHATi:. 

Manhattan.— C.  H.  Haswell,  N.  P.  Lewis,  A.  S.  Tattle. 

FINANCE. 

Manhattan. — A.  W.  Hankiuson,  A.  J.  Provost,  Jr..  W.  E.  Roach.  W.  H. 
Roberts,  C.  Withington. 

FIRE. 

Manhattan.— G.  S.  Pentz. 
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HIGHWAYS 

Manhattan.  — M.  L.  Bluin,  J.  B.  Cunningham,  D.  Farrell,  D.  B.  Goodsell,  J. 
G.  Horgan,  J.  Hunter,  F.  Kieeberg,  W.  Martin,  E.  Nagy,  G.  R.  Olney, 
G.  J.  Steinacher. 

Brooklyn.— W.  H.  Broadhurst,  W.  H.  Connell.  F.  A.  Drake,  W.  G.  Foy,  C. 

D.  Pollock,  J.  Schniitt,  G.  W.  Tillson,  C.  R.  Van  Buskirk. 

The  Bronx.— D.  A.  Curtin,  \T.  J.  Dimsing,  E.  T.  Ebert,  F.  G.  Fowler,  W. 

E.  Marrin,  C.  Stepath,  S.  C.  Thompson,  O.  W.  von  der  Bosch. 
Queens. — T.  J.  Clarke,  F.  Skene. 

Richmond.— G.  F.  Cornell,  J.  H.  Riches. 

LAW. 

Manhattan.  —  J.  McKenna,  C.  E.  Raynor. 

PARKS. 

Manhattan. — N.  H.  Andrus,  W.  C.  Bunting,  E.  C.  Gregory,  A.  Herbert,  F. 

A.  Koch,  D.  McR.  Livingston,  S.  Maulbeck.  W.  S.  McDonald,  E.  A. 
Miller,  J.  F.  Munckwitz,  C.  G.  Reton,  W.  F.  Richards,  A.  G.  Waldreaom 

Brooklyn.  -H.  W.  Dusenberry,  R.  M.  Price,  W.  J.  Zartrnann. 
The  Bronx. — W.  P.  Hennessy,  M.  Schenck. 

RAPID  TRANSIT. 

Manhattan.— L.  C.  Brink,  F.  W.  Carpenter,  A.  Carr,  G.  H.  Clark,  E.  W. 
Clarke,  St.  J.  Clarke,  R.  Cranmer,  A.  Craven,  S.  Dahm,  L.  P.  de  Luze, 
W.  J.  Duncan,  H.  W.  Durham,  L.  Durham,  P.  P.  Farley,  J.  R,  Ferris, 

G.  S.  Frost,  C.  Gaffney,  J.  R.  Geoghan,  J.  W.  Goodridge,  C.  N.  Green, 

B.  Hipkins,  H.  J.  Howe,  E.  B.  Johnson,  J.  Kearney,  W.  J.  Keogh,  B. 
Kipp,  G.  H.  Lesley,  A.  Lodholz,  J.  H.  Madden,  J.  R.  Magrath,  A.  J. 
Mayeli,  E.  B.  McCieady,  J.  J.  McGuire,  Jr.,  S.  E.  Meagher,  W.  W. 
Mills,  C.  Mulcahy,  F.  C.  Noble,  F.  J.  Perry,  C.  V.  V.  Powers,  A.  I. 
Raisman,  G.  S.  Rice,  R.  Ridgway,  W.  A.  Roffe,  A.  SchaefFer,  T.  B. 
Shertzer,  J.  O.  Shipman,  L.  Sonn^  W.  F.  Steinmetz,  G.  H.  Sunkle,  E. 

H.  Thomes,  A.  Thompson,  Jr.,  D.  L.  Turner,  A.  Vietch,  Jr.,  1.  V. 
Werbin,  E.  H.  Wernberg,  R.  N.  Wheeler,  L.  White,  F.  Wilcock,  A.,B. 
Woy  thaler. 

SEWERS. 

Manhattan.— M.  J.  Browne,  O.  Hufeland,  H.  Loomis. 

Brooklyn.  —  H.  R.  Asserson,  J.  P.  Clarke,  W.  T.  Doyle,  G.  T.  Hammond,  J. 

F.  Hammond,  T.  Hochlerner,  I.  H.  Kirby,  G.  H.  Knight,  H  I.  Lurye, 
H.  J.  Lynch,  W.  S.  Moore,  J.  C.  Riedel,  G.  E.  Winslow. 

The  Bronx.— E.  F.  Austen,  W.  W.  Cohen,  W.  E.  Dey,  H.  Jecks,  E.  L.  Hart- 

mann,  W.  F.  Johnes. 
Queens. — J.  H.  Johnson,  J.  P.  McGraw,  W.  L.  Pyne,  A.  Schreiner,  H.  Tait. 
Richmond.— J.  T.  Fetherston,  L.  VV.  Freeman,  V.  H.  Reichelt. 
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STREET  CLEANING. 

Manhattan. — M.  Craven. 

TAXES. 

Manhattan.— H.  Dan.be,  F.  W.  Rubien,  H.  W.  Vogel. 

TENEHENT  HOUSE. 

Manhattan.  — J.  B.  Duncklee. 

TOPOGRAPHICAL. 

Manhattan. — E.  Q.  Morton. 

Brooklyn.— G.  J.  Bischof,  H.  C.  Head,  E  Riordan,  G.  J.  Schweitzer,  J.  B. 
Stein. 

The  Bronx.— C.  P.  Bonnett,  W.  S.  Dalrymple,  F.  Greiffenberg,  P.  L.  Haas, 
J.  T.  Hefele,  W.  A  Herckenrath,  E.  H.  Holden,  J.  Owen,  E.  J.  Plas- 
man,  C.  E.  Risse,  C.  H.  Vanderbilt,  A.  D.  Wegnian.  B.  Windowsky. 

Queens.— E.  Ankener,  R.  R.  Crowell,  W.  G.  Eliot,  H.  K.  Endemann,  F.  L. 
Greiffenberg,  R.  T.  Johnson,  A.  La  Forge,  C.  J.  Mueller,  A.  Nagy,  C. 
U.  Powell,  W.~A.  Rowan,  G.  L.  Van  Dnsen,  F.  Ward. 

Richmond  —  U.  S.  Lutz,  W.  MacDonald,  E.  Stout,  G.  W.  Tnttle,  L.  Voor- 
zanger,  G.  Wood. 

WATER  SUPPLY. 

Manhattan.— E.  Agramonte,  Jr.,  F.  K.  Betts,  R.  L.  Blake.  C.  H.  Bull,  L.  F. 
Cox,  T.  C.  Culver,  J.  E.  Deignan,  A.  S.  Farmer,  N.  S.  HiU,  Jr.,  W.  D. 
Lintz,  E.  J.  Maurer,  T.  Melius,  G.  E.  Rodman,  H.  A.  Ruge,  W.  S. 
Ryan,  G.  F.  Saver,  L.  C.  L.  Smith,  C.  H.  Steers.  G.  A.  Taber,  A.  R. 
Taylor,  G.  White,  Jr. 

Brooklyn. — A.  E.  Allen,  R.  Ankener,  W.  W.  Brush,  W.  S.  L.  Cleverdon,  I. 
M.  de  Verona,  J.  F.  Durney,  J.  D.  Griffiths,  J  Hay  man,  D.  D.  Jack- 
son, W.  F.  Laase,  C.  Lobo,  W.  B.  Osterhout.  G.  S.  Skiltou,  C.  P. 
Sullivan,  K.  Torrance,  R.  Van  Buren,  B.  M.  Waguer,  G.  C.  Whipple 
H.  S.  Wynkoop. 

NOT  CLASSIFIED. 

Manhattan. — J.  C.  Bayles,  F.  S.  Williamson. 

Brooklyn. — E  S.  White. 

The  Brosx.— J.  A.  Briggs,  C.  Gartensteig. 

Richmond.— M.  Bsrubardt,  .Jr.,  J.  F.  Creeden,  A.  F.  Griiueuthal.  W.  R.  Hill- 
yer,  S.  R.  Hurlbut,  S.  Mucuz,  T.  S.  Oxholm,  L.  L.  Tribus. 

Nor  in  City  Service. — T.  F.  Adrianco,  YY.  H.  Burr.  ( I.  W.  Culgiu,  R. 
Heriug,  W.  R.  Hill,  C.  Mazeau,  J.  S.  Reeve,  D.  C.  Serber,  J.  C.  Wait. 


Fbbbuaby  29,  l'.)i)4. 


SUMMARY  OF  MEMBERSHIP. 


Commissioners  of  Accounts   1 

Aqueduct  Commissioners   14 

Department  of  Bridges   24 

Civil  Service  Commission   1 

Department  of  Docks  and  Ferries   1  9 

Department  of  Education   9 

Board  of  Estimate  and  Apportionment   3 

Department  of  Finance   5 

Fire  Department   1 

Bureaus  of  Highways   31 

Law  Department   2 

Department  of  Parks   18 

Board  of  Bapid  Transit  Railroad  CommissioDers    59 

Bureaus  of  Sewers   30 

Department  of  Street  Cleaning   1 

Department  of  Taxe&  and  Assessments   3 

Tenement  House  Department   1 

Topographical  Bureaus   38 

Department  of  Water  Supply,  Gas  and  Electricity   40 

[Not  Classified.   13 

Not  in  City  Service   9 

Total  Membership,  February  29,  1904   312 


NECROLOGY. 


Members  who  have  died  during  the  year. 
1903. 

Theodore  W.  C.  Happel  Charter  Member,  30  Apr.,  1903 

Charles  Cyril  Martin  Charter  Member,  30  Apr.,  1903 


February  29,  1904. 


ANNUAL  REPORT. 


To  the  Society: 

Your  Board  of  Directors  has  the  honor  to  submit  this  its  First 
Annual  Report.  The  first  meeting  of  the  Board  was  held  on  April  30. 
1903  and  it  immediately  commenced  to  pass  upon  the  names  which 
had  been  enrolled  at  the  preliminary  meetings  of  the  Society  for 
organization,  in  compliance  with  the  resolution  of  the  Society  of 
April  3,  1903.  Each  name  vouched  for  by  two  of  the  Directors  was 
accepted  for  membership.  In  this  way  nearly  three  hundred  names 
were  passed.  Those  who  were  not  well  known  to  two  Directors  were 
asked  to  send  in  their  records  on  the  application  for  membership 
blanks  and  these  were  investigated  by  the  Membership  Committee 
as  fast  as  they  were  received  and  were  voted  upon  by  the  Board  after 
the  Committed  reported  in  each  case.  Many  members  failed  to  send 
in  their  records  till  late  in  the  year  so  that  the  Board,  having  no 
proper  information  regarding  them,  was  unable  to  finish  this  work 
until  the  December  meeting.  It  was  found  too  that  many  names 
passed  at  the  first  meeting  had  been  improperly  enrolled  by  other 
persons  than  the  owners  of  the  names  without  authority  and  some 
men  who  enrolled  themselves  afterward  changed  their  minds  and 
decided  not  to  become  members,  others  allowed  their  names  to  remain 
on  the  roll  but  failed  to  pay  their  dues  or  to  attend  the  meetings.  It 
is  only  now  therefore,  at  the  annual  meeting,  that  the  Board  is  able 
to  state  the  real  membership  as  given  in  the  reports  of  the  Secretary 
and  Membership  Committee.  All  members  originally  enrolled  who 
were  passed  by  the  Board  however  late,  are  recorded  as  charter 
members. 

The  Board  has  been  careful  to  keep  the  expenses  of  the  Society  as 
low  as  is  consistent  with  the  interests  of  its  members.  It  has  been 
fortunate  t hat  the  members  have  been  so  ambitious  for  success 
that  they  have  hern  willing  to  contribute  a  full  year's  dues  for  the 
first  eight  mouths  of  the  existence  of  the  Society.  The  receipts  for  a 
year  and  expenditures  tor  only  eight  months  accounts  for  the  go*  d 
balance  on  hand  December  31.  1903.  as  shown  by  the  reports  of  the 
Secretary,  Treasurer  and  Finance  Committee.  It  must  be  borne  in 
mind,  however,  that  no  charge  has  been  made  during  the  first  year 
for  the  cost  of  issuing  the  annual  publications  nor  for  the  furnishing 
of  permanent  quarters. 

It  is  to  the  credit  of  the  Publication  and  Library  Committee  that 
it  succeeded  in  providing  a  paper  for  every  meeting  of  the  first  year. 
Unfortunately  the  illness  of  Professor  Purr  prevented  him  from  reading 
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his  paper  at  the  December  meeting  but  the  subject  was  nevertheless 
very  interestingly  developed  on  special  lines  by  Messrs.  George  S. 
Rice.  Arthur  S.  Tuttle,  Daniel  D.  Jackson.  William  W.  Brush  and 
others.  The  Board  approved  of  the  recommendations  of  the  Com- 
mittee contained  in  the  last  paragraph  of  its  report. 

The  House  Committee  has  worked  hard  to  find  satisfactory  quarters 
in  addition  to  its  other  duties  of  providing  the  monthly  meeting 
place,  the  refreshments  and  the  annual  dinner.  By  its  untiring  efforts 
it  has  accumulated  valuable  information  for  the  new  Committee  in  its 
selection  of  quarters.  The  Board  wishes  to  urge  the  new  Committee 
to  renewed  efforts  to  obtain  permanent  quarters  as  soon  as  possible  in 
order  that  the  important  work  of  gathering  a  library  of  books,  reports, 
specifications,  plans  and  maps,  which  will  be  of  great  benefit,  may  be 
begun  and  also  to  enlarge  the  social  attractions  of  our  Society.  It  is 
expected  also  that  these  advantages  will  attract  many  new  members. 

The  Committee  on  Inspections  has  been  happy  in  its  choice  of 
works  which  have  been  visited,  and  the  trips  have  been  well  attended 
and  very  enjoyable  and  instructive.  Thanks  are  especially  due  to 
the  engineers  and  contractors  connected  with  these  works  for  their 
many  courtesies. 

Xo  report  has  been  received  from  the  Committee  on  Prizes,  the  time 
for  its  report  to  be  presented  having  been  postponed  until  the  papers 
are  all  revised  by  their  authors  and  put  in  such  form  that  the  Commit- 
tee's judgment  may  not  err. 

The  Board  believes  that  the  conditions  at  the  end  of  the  first  year 
are  distinctly  favorable  and  that  the  success  of  the  Society  is  assured. 
It  is  with  great  pleasure  that  the  Board  acknowledges  the  cordial 
co-operation  of  the  Society  in  all  of  its  endeavors. 

The  annual  reports  of  the  Committees  are  appended. 

BY  THE  BOARD  0¥  DIRECTORS. 

^  Signed)  «  Wisxer  Martin, 

Secretary. 

January  27,  1904. 
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SECRETARY'S  REPORT. 


The  Board  of  Directors: 

Sirs, — In  accordance  with  the  By-Laws  I  beg  to  submit  the  follow- 
ing Annual  Report: 

A  statement  of  receipts  and  disbursements  is  appended. 

The  only  tangible  property  of  the  Society  is  an  oak  filing  cabinet 
which  cost  thirty-five  dollars.  It  was  made  to  order  and  was  arranged 
for  filing  the  applications  for  membership,  the  membership  index 
cards,  letters  and  bills. 

Referring  to  our  membership  during  the  past  year: 

At  the  preliminary  meetings  of  February  25,  1903,  and 

April  3,  1903,  there  were  enrolled   414 


Died 


2 
2 

21 

48 
35 


Resigned  

Withdrew  from  membership  

Not  passed  by  the  Board  

Dropped  for  non-payment,  of  dues 


108 


New  members  elected 


306 
5 


Present  membership 


311 


Very  respectfully, 


(Signed) 


WISNEB  M  ARTIN, 

Secretary. 


January  27,  1904. 
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ANNUAL  STATE/WENT  OF  RECEIPTS  AND  DISBURSEMENTS, 
FROM  APRIL  22,  1903,  TO  DECEMBER  31,  1903. 


Receipts. 
Balance  on  hand  April  22.       81  85 
Dues   2,586.00 

Disbursements. 

Publication   885.00 

House   210.00 

Interest                               13 . 10 

Refreshments   333.10 

^Miscellaneous                      5.10  1 

Salaries                             290 . 17 

Printing   £11.60 

Postage   101.49 

Office  Expenses   58.75 

^Miscellaneous   28.83 

$1,318.94 

Balance  with  Treasurer.    1,249 . 64 
Balance  with  Secretary.        37 . 47 

£2,606.05 

82,606.05 

*  Includes  Treasurer's  band,  dues  refunded,  bank  charges,  etc. 

Certified  correct, 
(Signed)  WISNER  MARTIN, 

Secretary. 

January  27,  1904. 
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TREASURER'S  REPORT. 

The  Boakd  of  Directors: 

Sirs, — In  compliance  with  the  provisions  of  Article  YIII  of  the 
By-Laws,  I  have  the  honor  to  present  the  following  Annual  Report 
covering  the  financial  transactions  of  the  Society  from  April  22,  1903, 
the  date  of  election  of  the  first  permanent  officers,  to  January  1, 
1904. 

Receipts  : 

Balance  on  hand  on  April  22,  1903,  from  the  funds  raised  for 

meeting  the  preliminary  expenses  of  organizing   81.85 

Received  from  the  Secretary  in  18  installments  between  April 
22,  1903  and  Jan.  1,  1904,  collections  for  1903,  aggre- 
gating  2,591.00 

Received  for  collection  charges  on  check   .10 

Interest  on  balance  to  Jan.  1,  1904   13.10 


$2,606.05 

Disbursements  : 

Expended  on  account  of  bills  countersigned  by  the  Secre- 
tary and  by  the  Chairman  of  the  Finance  Committee 
and  approved  and  ordered  paid  by  the  Board  of  Directors, 
aggregating  61  in  number  $1,356.41 


Cash  on  hand  January  1,  1904   1,249.64 

The  funds  of  the  Society  are  deposited  with  the  Washington  Trust 
Co.  where  they  are  credited  with  interest  at  the  rate  of  two  and  one- 
half  per  cent,  per  annum. 

Respectfully  submitted, 

(Signed')        ARTHUR  S.  TUTTLE. 

Treasurer. 

Examined  and  found  correct, 

Finance  Committee, 
(Signed)  ().  F.  NIC1  HOLS, 

( 'hairman. 


•  I  LNUABX  27,  1904. 


ANNUAL  REPORT. 


51 


REPORT  OF  FINANCE  COMMITTEE. 

The  Board  of  Directors: 

Sirs, — Having  examined  the  books  of  the  Treasurer  to  December 
31,  1903  and  compared  the  checks  issned  in  payment  of  vouchers 
with  the  bank  account,  we  rind  the  Annual  Eeport  of  the  Treasurer, 
submitted  herewith,  to  be  correct  and  the  balance  on  hand  in  the 
Washington  Trust  Company  to  be  as  stated  in  the  report,  to  wit: 
$1,249.64  on  January  1,  1904. 

We  have  examined  the  statement  of  receipts  and  disbursements 
from  April  22  to  December  31,  1903  as  made  to  us  by  the  Secretary 
and  find  this  statement  to  be  correct.  This  statement  shows  a  cash 
balance  in  the  hands  of  the  Secretary  on  January  1,  1904,  of  37.47,  so 
that  the  funds  in  the  hands  of  the  Treasurer  and  Secretary  on  January 
1,  1904,  were  $1,287.11. 

Respectfully  submitted, 

Finance  Committee, 

(Signed)    O.  F.  NICHOLS, 

Chairman. 

January  27,  1904. 


REPORT  OF  MEMBERSHIP  COMMITTEE. 

The  Board  or  Directors: 

Sirs, — Our  Annual  Report  is  as  follows: 

Number  of  members  originally  enrolled  414 

Number  of  members  elected  by  the  Board   5 

  419 

Died   2 

Withdrawn  or  dropped  from  membership   106 

  108 

Membership  on  January  27th,  1904   311 

Respectfully  submitted, 

Membership  Committee, 
(Signed)  S.  C.  THOMPSON, 

Chairman. 

January  27,  1904. 
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AN  KIT  A  L  REPORT. 


REPORT  OF  PUBLICATION  AND  LIBRARY  COMMITTEE. 

The  Board  of  Directors: 

Sirs, —The  Publication  and  Library  Committee  presents  the  fol- 
lowing report  for  the  year  1903: 

There  have  been  five  papers  presented  to  the  Society  as  follows: 

The  Building  of  Parks  and  Parkways  in  New  York 

City  Nelson  P.  Lewis. 

Roman  Aqueducts  Edward  Wegmans. 

Rapid  Transit  in  New  York  City  George  S.  Rice. 

Some  Street  Traffic  Problems  Wisner  Martin. 

Some  Problems  of  Asphalt  Pavement  Maintenance 

in  Manhattan  James  C.  Bayles. 

At  the  last  meeting  of  the  Society  it  was  arranged  that  Professor 
William  H.  Burr  should  talk  to  the  Society  on  the  subject  of  Additional 
Water  Supply  for  New  York  City  but  at  the  last  moment  Professor 
Burr's  voice  failed  him  and  the  matter  was  informally  discussed  by 
several  members  pending  the  presentation  of  the  paper  at  a  later  date. 

As  there  is  a  nucleus  now  for  the  publication  of  the  papers,  the  Com- 
mittee recommends  that  the  Board  of  Direc  tors  authorize  the  selection 
of  an  Editor  and  a  Business  Manager  who  shall  properly  edit  and  have 
printed  the  papers  already  presented  and  that  the  cost  of  editing  and 
printing  be  paid  for  by  means  of  advertising  in  the  publication. 
Respectfully  submitted. 

Publication  and  Library  Committee, 

(Signed)  GEORGE  S.  RICE, 

Chairman. 

January  27,  1904. 


REPORT  OF  HOUSE  COHHITTEE. 

The  Board  of  Directors: 

Sirs, — The  House  Committee  presents  to  the  Board  of  Directors,  in 
conformity  with  the  requirements  of  Article  XI  of  the  By-Laws,  a  brief 
report  of  the  work  done  by  it  during  the  year  1!>()3. 

Permanent  society  rooms  not  having  been  established  at  the  time 
of  organization,  it  became  necessary  for  this  committee  to  provide 
temporary  quarters  at  which  the  monthly  meetings  could  be  held. 
Arrangements  were  made  with  the  Mechanical  Engineers,  Carnegie 
Hall,  ami  the  Chemists  Club.  The  meetings  were  fairly  patronized  as 
to  number!  of  members  present  and  it  is  found  that  the  average 
attendance  \v;is  I'M). 
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At  these  meetings  papers  were  read  and  general  discussion  followed, 
after  which  a  collation  was  served. 

The  committee  has  had  under  consideration  for  some  time  the 
establishment  of  permanent  quarters  for  the  Society  in  a  location  cen- 
tral and  easy  of  access  when  considering  the  various  boroughs.  Suit- 
able rooms  in  office  buildings  seemed  too  expensive  and  could  not  be 
considered.  The  Carnegie  Hall  proposition,  that  of  obtaining  two 
rooms  and  the  use  of  the  music  hall,  also  received  due  consideration 
and  was  suggested  to  the  Board  but  the  available  funds  in  the  treasury 
and  the  membership  of  the  Society  did  not  warrant  the  necessary 
outlay.  The  committee  further  investigated  the  renting  or  purchasing 
of  a  private  house  in  a  central  location  but  was  again  confronted  with 
the  expense  for  rent,  gas,  fuel,  etc.,  which  would  exceed  the  money 
which  could  be  set  aside  to  cover  these  expenses.  The  solution  of  the 
problem,  the  establishment  of  permanent  quarters,  seems  to  us  a  diffi- 
cult one  but  we  still  adhere  to  our  idea  that  the  renting  of  a  private 
house  now  that  the  Society  is  incorporated  and  the  remodeling  of 
it,  even  at  a  rental  and  general  expense  greater  than  the  Society  can 
afford  at  this  time,  is  the  only  proper  solution  of  the  problem.  The 
deficit  incurred,  should  there  be  any.  might  be  taxed  against  the 
members  in  general  or  covered  by  voluntary  subscriptions. 

Under  the  present  conditions  the  Municipal  Engineers  are  without 
a  home  and  under  these  conditions  the  increase  in  membership  and 
the  drawing  to  us  of  younger  members  can  scarcely  be  looked  for  and 
it  is  earnestly  suggested  that  this  matter  of  permanent  quarters  be 
carefully  considered  by  the  incoming  House  Committee,  our  succes- 
sor, and  that  the  investigations  for  obtaining  a  private  house  be 
further  pursued. 

In  concluding,  we  beg  to  state  that  our  annual  banquet  was  held 
at  the  Park  Avenue  Hotel  on  January  fourteenth,  that  covers  were 
laid  for  110  members  and  that  the  income  from  the  sale  of  tickets 
practically  covered  the  expenses. 

Thanking  you  for  your  kind  support  and  for  that  which  the  mem- 
bers of  the  Society  in  general  rendered,  we  have  the  honor  to  remain. 
Yours  respectfully. 

The  House  Committee. 
(Signed)  EDWARD  A.  MILLER, 

Chairman. 

Januabx  27,  1901. 
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REPORT  OF  COMMITTEE  ON  INSPECTIONS. 

The  Board  of  Dikectork  : 

Sirs, — The  Committee  on  Inspections  hereby  submits  its  report  of 
the  work  done,  as  provided  by  the  Constitution. 

It  was  decided  that  the  first  trip  should  be  made  to  inspect  the 
caissons  of  the  Manhattan  tower  foundation  of  the  Manhattan  Bridge. 
This  trip  was  made  on  Saturday,  October  tenth,  the  party  meeting  at 
the  office  of  the  engineer  in  charge  at  about  two-thirty  o'clock  in  the 
afternoon.  About  fifty  men  were  present  and  an  inspection  was 
made  of  the  contractor's  plant  at  this  point.  An  opportunity  was 
given,  for  such  members  as  desired,  to  go  down  into  the  caissons 
which  at  that  time  had  reached  a  depth  of  about  44  feet  below  mean 
high  water.  About  twelve  men  availed  themselves  of  this  privilege, 
the  remainder  being  satisfied  with  an  inspection  of  the  surface  work. 
The  party  was  shown  over  the  work  by  Mr.  Henry  A.  La  Chicotte, 
Principal  Assistant  Engineer,  Department  of  Bridges,  in  charge  of  the 
work  and  by  liis  assistant,  Mr.  John  A.  Knighton,  members  of  this 
Society. 

The  Committee  decided  that  the  next  trip  of  the  Society  should  be 
made  to  inspect  the  New  Croton  Dam  and  various  other  works  in  the 
Croton  Valley.  This  trip  was  planned  to  take  place  on  Saturday, 
November  fourteenth,  but  had  to  be  postponed  on  account  of  the 
weather  until  Saturday,  November  twenty-first.  Eighty  persons, 
members  and  guests,  took  part  in  this  trip,  the  party  going  by  way  of 
the  New  York  Central  and  Hudson  River  Railroad  to  Croton  Landing 
where  they  took  omnibuses  for  the  New  Croton  Dam  arriving  there 
about  eleven  o'clock.  The  party  was  very  cordially  received  by  Mr. 
John  Bjron  Goldsborough,  superintendent  for  the  contractors. 
Messrs.  Coleman,  Breuchaud  &  Coleman.  The  party  then  made  a 
thorough  inspection  of  the  dam  under  the  guidance  of  Mr.  Charles  S. 
Q-O wen,  Division  Engineer  of  the  Aqueduct  Commissioners,  and  his 
assistants.  The  party  then  took  omnibuses  up  the  Croton  Valley  to 
the  Old  Croton  Dam  where  dinner  was  served  at  a  nearby  hotel. 
After  dinner,  the  party  again  took  the  omnibuses,  a  small  number 
going  up  the  Croton  Valley  to  Katouah,  and  the  greater  number  going 
to  the  Croton  Lake  station  of  the  New  York  and  Northern  Railroad 
and  returning  to  New  York,  thereby  leaving  out  the  latter  part  of  the 
t  rip. 

The  Committee  decided  that  the  next  trip  should  be  made  to  the 
Williamsburg  I'.ridge  and  the  member  of  t he  committee  in  charge  of 
the  work  on  this  bridge  was  requested  to  arrange  for  the  trip.  For 
some  reason  unknown  to  the  Chairman  no  arrangements  could  be 
made.  On  account  of  the  cold  weather  immediately  ensuing  the 
committee  did  not  think  it  advisable  to  arrange  for  any  other  trip 
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during  the  month  of  December.  The  Committee  also  thought  it 
inadvisable  to  arrange  for  a  trip  during  the  month  of  January  on 
account  of  the  fact  that  the  annual  meeting  of  the  Society  occurs 
during  that  month  and  also  because  of  the  fact  that  the  American 
Society  of  Civil  Engineers  and  several  other  societies  have  their  annual 
meetings  during  the  month  of  January. 

The  work  of  the  Committee  therefore  may  be  assumed  as  having 
been  finished  with  the  trip  to  the  Croton  Dam  and  it,  of  course,  has 
not  taken  any  steps  toward  arranging  for  trips  after  the  annual  meet- 
ing as  it  did  not  feel  at  liberty  to  hamper  its  successor  in  any  way. 
.  Respectfully, 

Committee  on  Inspections, 
(Signed)  ALBERT  CARR, 

Chairman. 

January  27,  1904. 


PAPERS  AND  AUTHORS. 


THE  BUILDING  OF  PARKS  AND  PARKWAYS  IN  NEW  YORK  CITY. 

By  Nelson  P.  Lewis,  A.  B.,  C.  E.,  Chief  Engineer  for  the  Board 
of  Estimate  and  Apportionment. 

ROMAN  AQUEDUCTS. 

By  Edwakd  Wegmann,  C.  E.,  Division  Engineer  for  the  Aqueduct 
Commissioners. 

RAPID  TRANSIT  IN  NEW  YORK  CITY. 

By  Geokge  S.  Bice,  S.  B.,  Deputy  Chief  Engineer  for  the  Board 
of  Rapid  Transit  Railroad  Commissioners. 

SOME  STREET  TRAFFIC  PROBLEMS. 

By  Wisneb  Martin,  S.  B.,  Principal  Assistant  Engineer  ot  the 
Bureau  of  Highways  for  Manhattan. 

SOME  PROBLEMS  OF  ASPHALT  PAVEMENT  MAINTENANCE  IN  MANHATTAN. 

By  James  C.  Bayles,  M.  E.,  Ph.  D. ,  Consulting  Engineer  to  the 
Borough  President  of  Manhattan. 


AWARD  OF  PRIZE. 


The  Society  Prise  lias  not  yet  been  awarded.   See  page  47. 


WORKS  INSPECTED. 


The  Foundation  of  the  Manhattan  Tower  of  the  Hanhattan  Bridge, 

at  the  foot  of  Pike  Slip.  Kast  River. 

New  Croton  Dam,  Dear  Quaker  Bridge,  Cortlandl  Township,  West 
cheater  County,  and  Old  Croton  Dam,  near  Yorktown  Heights. 
Yorktown  Township.  Westchester  Oonnty. 
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NEW  WILLIAMSBURGH  BRIDGE 


BUILT  AND  ERECTED  BY  THE 

BRIDGE  AND  CONSTRUCTION 
DEPARTMENT 

The  Pennsylvania 

Steel  Company 

STEELTON,  PA. 


11 


The  Snare  &  Triest  Co 

Contracting  Engineers 


■■■■■■■^■■mhi 

VIADUCT  OVER  96TH  STREET,  RIVERSIDE  DRIVE 


BUILDINGS  BRIDGES 
STEEL  AND  MASONRY    PIERS    AND  SHEDS 
CONSTRUCTION  COALINC  PLANTS 


Main  Office 

39  Cortlandt  Street,  New  York  City 
Havana  Office,  Mercaderes  II 


iii 


John  A.Roebling's  Sons  Co. 

MANUFACTURERS  OF 

WIRE  ROPEandWIRE 

WORKS  AT  TRENTON,  N.J. 

Office  and  Warehouse  of 

John  A.  Roebling  's  Sons  Co.ofN.Y. 

I  17  to  121   LIBERTY  ST. 


IV 


  T  H  F  

Babcock  &  Wilcox  Company 

85  Liberty  Street,  New  York  City 

WATER-TUBE  STEAM-BOILERS 


OVER  85,ooo  HORSE=POWER  IN  USE  IN  THE  UNITED 
STATES  FOR  MUNICIPAL  PURPOSES 


Babcock  &  Wilcox  Boilers  Installed  and  Under  Contract  as 
follows  in  Municipal  Departments:— 

Horse-power. 


Water  Supply,  Gas  and  Electricity   500 

Judiciary   835 

Rapid  Transit  Commission    3q,ooo 

Board  of  Education   1*360 

Baths  and  Public  Comfort   550 

Department  of  Bridges   2,050 

Department  of  Correction   675 

Department  of  Docks  and  Ferries  (including  boilers  for 

Five  Staten  Island  Ferry  Boats)   6,000 

Miscellaneous   1,300 


52,270 

Our  book  "STEAM"  contains  many  useful  tables  and  much  general  in- 
formation about  boilers  and  their  operation.    Send  for  a  copy,  which  will  be 

mailed  free. 
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FORT  PITT  BRIDGE  WORKS 

OF  PITTSBURG,  PA. 

STRUCTURAL  STEEL 
For  Bridges,  Buildings,  etc, 

WE  MAKE  A  SPECIALTY  OF  QUICK  DELIVERY 

Main   Office   3l  r\  d  Works 

CANONSBURG,  PA. 

PITTSBURG,  510  House  Building 

NEW  YORK,  45  Broadway 


Railroad  Essentials 

The  day  has  passed  when  men  of  finance  are  willing  to  place 
their  money  into  bad  material  in  railroad  construction  only  to  be 
compelled  to  replace  it  by  renewals  or  reconstruction  after  very 
little  use.  Many  of  the  best  and  most  successful  steam  and  electric 
street  railroads  use  the  rail  joints  of  the  Continuous  patent  type  for 
standard  track  work,  insulated  joints,  step  joints  and  electric  bonding 
joints  for  the  reason  that  experience  has  proven  it  to  be  the  best 
appliance  of  its  kind  ever  put  upon  the  market  as  evidenced  by  the 
fact  that  it  is  in  use  in  all  parts  of  the  world  on  over  20,000  miles 
of  track.    Made  by 

THE  CONTINUOUS  RAIL  JOINT  COMPANY  OF  AMERICA 

General  Offices,  Century  Building,  NEWARK,  N.  J. 

CONTINUOUS  RAIL  JOINT  CO.  OF  CANADA,  Limited,  Montreal,  Canada 
CONTINUOUS  RAIL  JOINT  CO.  OF  GREAT  BRITAIN,  Limited,  London,  E.  C. 
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PUBLIC  SCHOOL  139 
AVENUE  C,  EAST  13TH  AND  14TH  STREETS 
BOROUGH  OF  BROOKLYN 

C.   B.  J.  SNYDER,  ARCHITECT 
ERECTED  BY 


CEORCE  HILDEBRAND 

BUILDER  AND 
GENERAL  CONTRACTOR 

38    PARK    ROW,    NEW  YORK 

POTTER   BUILDING,  Room  121 


TELEPHONE, 


1707  CORTLANDT 
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812-814  BROOKLYN 
Gates  Avenue  N.  Y. 

WHEN   IN  THE  MARKET  FOR  RELIABLE 

AND    STRICTLY  FIRST-CLASS 

SURVIVING     I  NSTRUMENTS 
consult  F.  E.    BRAN  PIS,  SONS  &  CO.,  who  make 

but  ONE  QUALITY,  and  that  is  the  BEST.  Their  motto  is 
MECHANICAL  PERFECTION,  UNAPPROACHABLE  ACCURACY. 
THEY  ARE  NOT  IN  THE  MARKET  with  FINE,  FINER  and  FINEST 
QUALITY,  but  with  a  just  return  for  your  investment. 
NO    COMMERCIAL    HARDWARE.  correspondence  solicited. 

THEIR  LARGE  ILLUSTRATED  HAND-BOOK  AND  CATALOGUE 
MAILED    TO    ANY    CIVIL    ENGINEER    OR  SURVEYOR  


viii 


HALL  OF  RECORDS 
CHAMBERS  AND  CENTRE  STREETS,  NEW  YORK  CITY 


JOHN  PEIRCE 

GRANITE  AND  GENERAL  CONTRACTOR 

277  BROADWAY 

CONTRACTOR  FOR  NEW  HALL  OF  RECORDS,  NEW  YORK  CITY;  U.  S. 
CUSTOM  HOUSE,  NEW  YORK  CITY;  INTERBOROUGH  POWER  HOUSE,  NEW 
YORK  CITY;  U  S.  POST  OFFICE,  CHICAGO,  ILL.;  U.  S.  POST  OFFICE,  INDIAN- 
APOLIS, IND.;  GRANITE  DRY  DOCK,  PORTSMOUTH,  N.  H.;  ACADEMIC 
GROUP,  ANNAPOLIS,  MD. 
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ENGINEERING  NEWS 


A  Journal  of  Civil,  Mechanical, 
Mining  and  Electrical  Engineering 


Established  1874        Published  every  Thursday 
PRICE,  $5.00  A  YEAR 


"  The  leading  engineering  journal  of  America."— Sun,  New  York. 

"A  technical  journal  of  character  and  standing." — Times,  New  York. 

"  The  best  informed  of  the  engineering  fraternity  are  among  its.  contributors." 

—  Tribune,  New  York. 

"  Probably  the  highest  technical  authority  in  journalism."— Eagle,  Brooklyn. 


A  price  list  of  our  books  will  be  sent  free  on  request. 
We  can  now  (July,  1904)  supply  a  condensed  table 
of  contents  of  our  forthcoming  book  on 

REINFORCED  CONCRETE 

and  expect  to  have  the  book  ready  for  delivery  by 
September. 


The  Engineering  News  Publishing  Company 

220  BROADWAY,  NEW  YORK 
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Telephone  Connection  CITY  SURVEYOR 

WATSON    G.  CLARK 

CIVIL  ENGINEER 

1125    BROADWAY,    NEW  YORK 

BRIDGES  SEWERAGE  WATER  WORKS 

DOCK  CONSTRUCTION  TEST  BORINGS  FOR  FOUNDATIONS 


LOUIS  H.  VOSS 

ARCHITECT 
65  DeKalb  Avenue  Borough  of  Brooklyn 

NEW  YORK 


RONALDS  &  JOHNSON  CO. 

FINE  PLUMBINC  MATERIAL 

By  selecting  their  fixtures  and  having  them 
installed  you  may  be  sure  of  having  the  best 

SHOW  ROOMS:  jgg^g^s&et  BROOKLYN,  N.  Y. 


A.  J.  MARTIN,  PRES.  CRAIG  A.  ROSS,  TREAS. 

COMMERCIAL  CONSTRUCTION  CO. 
ELECTRICAL  CONTRACTORS 

1    MADISON   AVENUE  NEW  YORK 

TELEPHONE,  25  GRAMERCY 


P.  6c 

F.  CORBI  N 

OF  NEW  YORK 

BUILDERS 

HARDWARE 

WOOD 

&  MACHINE  SCREWS 

LIQUID  DOOR  CHECKS 

II,  13  and  15  MURRAY  STREET,  NEW  YORK 

INDEX  ON  THE  LAST  PAGE 
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HEBREW  INSTITUTE  FOR  EDUCATIONAL  ALLIANCE 
EAST  BROADWAY  AND  JEFFERSON  STREET 

ARNOLD   W.    BRUNNER.  ARCHITECT 


LUKE  A.  BURKE 
CONTRACTOR    AND  BUILDER 


401    WEST  5  9th  STREET 
TELEPHONE,  4037-4038  COLUMBUS 

FIREPROOF  BUILDINGS  A  SPECIALTY 
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THE  ENGINEERING  RECORD 

PUBLISHED  EVERY  SATURDAY  AT 

114  LIBERTY  STREET,  NEW  YORK 

ONLY  $3  00  PER  ANNUM 

SAMPLE  COPY  FOR  POSTAL 


A   SELECTED   LIST  OF 

ENGINEERING  BOOKS 

STEAM  POWER  PLANTS.    By  Henry  C.  Meyer,  Jr.    160  pages.  $2.00. 
ELECTRIC  POWER  TRANSMISSION.     By  Dr.  Louis  Bell.    Third  Edition. 
632  pages.  $3.00. 

MODERN  ELECTRIC  RAILWAY  MOTORS.    By  George  T.  Hanchett.  200 
pages.  $2.00. 

POWER  DISTRIBUTION  FOR  ELECTRIC  RAILWAYS.    By  Dr.  Louis  Bell. 

Third  Edition.  $2.50. 
PRACTICAL  ELECTRIC  RAILWAY  HANDBOOK.    By  A.  B.  Herrick.  450 

pages.  $3.00. 

ELECTRIC  RAILWAY  ECONOMICS.  By  W.  C.  Gotshall.  251  pages.  $2.00. 
THEORETICAL  ELEMENTS  OF  ELECTRICAL  ENGINEERING.    By  Chas.  P. 

Steinmetz.    Second  Edition.   320  pages.  $2.50. 
STORAGE  BATTERY  ENGINEERING.    By  Lamar  Lyndon.    Second  Edition. 

360  pages.  $3.00. 

AMERICAN  TELEPHONE  PRACTICE.  By  Kempster  B.  Miller.  Third  Edition. 

518  pages.  $3.00. 
THE  CEMENT  INDUSTRY.    235  pages.    132  illustrations.  $3.00. 
REINFORCED  CONCRETE.    By  A.  Considere.    188  pages.  $2.00. 
SOME  DETAILS  OF  WATER  WORKS  CONSTRUCTION.    By  W.  R.  Billings. 

$2.00. 

WATER  WORKS  FOR  SMALL  CITIES  AND  TOWNS.    By  John  Goodell.  281 
pages.  $2.00. 

TYPES  AND  DETAILS  OF  BRIDGE  CONSTRUCTION.    By  Frank  W.  Skinner. 
.  $3-00. 

SEND  FOR  NEW  96-PAGE  CATALOGUE  OF  ENGINEERING  BOOKS 

McGRAW  PUBLISHING  COMPANY 

114  LIBERTY  STREET,  NEW  YORK 


STREET  RAILWAY  JOURNAL 

The  standard  international  authority  on  the  subject  of  electric  traction. 
Its  practical  articles,  technical  discussions  and  news  matter  comprise 
a  weekly  record  of  the  world's  progress  in  city  and  interurban  rail- 
roading, and  make  the  Journal  indispensable  to  everyone  wishing  to 
keep  in  touch  with  the  best  practice  and  latest  developments  in  the 
important  industry  which  it  represents. 

Published  every  Saturday.    Subscription  price,  $3,00  per  annum. 

McGRAW  PUBLISHING  COMPANY 

114    LIBERTY   STREET,  NEW  YORK 
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PUBLIC  SCHOOL  119 
AVENUE  K  AND  EAST  39TH  STREET,  BOROUGH  OF  BROOKLYN 

C.   B.  J.  SNYDER,  ARCHITECT 


ERECTED  BY 

CHARLES  H.  PECKWORTH 

BUILDING  CONTRACTOR 

4  I  5   HUDSON  STREET 
NEW  YORK 


TELEPHONE  131  SPRING 


XV 

KOLESCH  &  CO. 

(Successors  to  F.  Eckel,  formerly  Blunt  &  Co.) 

138  Fulton  Street        -        NEW  YORK 
MANUFACTURERS  OF  HIGH-GRADE 

Surveying  Instruments 

IMPORTERS  OF  DRAWING  MATERIALS 

Illustrated  Catalogue  mailed  on  application 

ARCHITECTS  <H  BVILDERS'  MAGAZINE 

Established  in  1882 
Devoted  to  the  interests  of  Architecture,  Building  and  Engineering. 
Published  monthly  at  $2.00  per  year.    Sample  20  cents. 


The  Architects'  Directory  a.nd  Specification  Index 

Containing  a  complete  list  of  the  Architects  in  the  United  States  and  Canada. 
Published  Annually.    Price,  cloth.  $2.00. 


BOOKS— Catalog  of  Architectural,  Scientific  and  Technical  Books  upon  Application 


WM.  T.  COMSTOCK,  Publisher,  23  Warren  Street,  New  York 


GEO.  L.  WALKER  S.   B.  WALKER  GEO.  W.  WALKER 

PRESIDENT  VICE-PRESIDENT  S  EC '  Y  A  N  D  TR  E  AS. 

GEO.  L.  WALKER  COMPANY 

£  u  i  I  b  e  r  e 

156   FIFTH  AVENUE 
NEW  YORK 


HENRY  SIEFKE,  President        TELEPHONE  794  CHELSEA        WILLIAM  HORNE,  Treasurer 

WILLIAM  HORNE  CO. 

BUILDERS  AND 
CONTRACTORS 

245  WEST  TWENTY-SIXTH  STREET,  NEW  YORK 

MEYER  MFC.  CO.  ,57^LSEET 

HABERDASHERS  new  york  city 


xvi 


WALDORF-ASTORIA  IRONING  ROOM 
SHOWING  THREE  AMERICAN  MANGLES  AT  WORK 

THE  AMERICAN  LAUNDRY 
MACHINERY  CO. 

COMPLETE    EQUIPMENTS    FOR    MUNICIPAL  USE 

No.  42  CORTLANDT  STREET 
NEW  YORK 


xvii 


VULCANITE 

PORTLAND  CEMENT 


new  YORK  office,  "  FLAT  IRON"  BUILDING 

ALBERT  MOYER,  MANAGER 

Works,  VULCANITE,  Warren  Co.,  NEW  JERSEY 


CAPACITY,  1,500,000  BARRELS  PER  ANNUM 


RECOGNIZED  AS  STANDARD 
FOR  SIDEWALKS 


Vulcanite  is  not  a  cheap  cement. 

The  cheapest  cement  is  not  the  lowest  priced— it  is  the 
cement  that  offers  the  most  for  the  money. 

Vulcanite  is  sound  and  strong  and  positively  will  carry  more 
sand  |  a  few  of  the  best  engineers  are  beginning  to  realize 
this  fact  and  specify  more  sand  when  Vulcanite  is  used. 
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Plumbing  Appliances 

FOR 

PUBLIC  COMFORT  STATIONS 

AND 

PUBLIC  BATHS 

SPECIAL   CIRCULARS  SENT  ON  APPLICATION 


SANITO   URIN  ALS 

ilI.  L  Mott  Iron  Works 

84-90  Beekman  St.,  New  York 


BRANCHES 

110  FIFTH  AVE.,  NEW  YORK       911   LOCUST  ST..  ST.  LOUIS 

378  BOYLSTON  ST.,  BOSTON        FLOOD  BUILDING,    San  FRANCISCO 

1128  WALNUT  ST.,  PHILADELPHIA       135  ADAMS  ST.,  CHICAGO 
HOME  LIFE  BUILDING,  WASHINGTON.  D.  C. 
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Henry  R.  Worthington 

114  LIBERTY  ST..  NEW  YORK  CITY 

Largest  ma.n\ifa.ctory  of  Pumping  Machin- 
ery in  the  World.    New  factory  a.t  Harrison, 
N.  J.,  will  employ  5,000  men.   Founded  in  1843 
SEND   FOR.    HANDSOME    NEW   CATALOG  30M 
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Johnson  System  of  Automatic  Regulation  of  Heat  and  Humidity 

in  use  in 

RESIDENCES,  OFFICE  BUILDINGS,  CHURCHES,  HOSPITALS, 
CLUBS,  COLLEGES,  SCHOOLS,  PUBLIC  BUILDINGS,  THEATRES 


FOR  FULL  INFORMATION,  CATALOGUE  AND  ESTIMATES,  ADDRESS 

Johnson  Temperature  Regulating  Co. 

24O  Fourth  Avenue,  New  York  City 

TELEPHONE,  602  WILLIAMSBURG 

SMITH  &  LOUGHLIN 

Foundry  and  Pattern  Works 

MACHINERY  CASTINGS  OF  EVERY  DESCRIPTION 
CAST  IRON  STAIRS  OUR  SPECIALTY 

Driggs  Ave.,  North  4th  Street  to  North  5th  Streets 
BROOKLYN.  N.  Y. 

ESTIMATES  FURNISHED 


Builders'  Iron  Foundry 

PROVIDENCE,  R.  I. 

THE  D'AURIA  HIGH  DUTY  PUMPING  ENGINE 
THE  VENTURI  METER 


INDEX  ON  THE  LAST  PAGE 
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POWER  HOUSE-KINGS  COUNTY  HOSPITAL  BUILDINGS 

LOUIS  H.  VOSS,  ARCHITECT 


Telephone  Call,  220  South 


DANIEL  J.  RYAN 
Contractor  and  Builder 


721   THIRD  AVENUE 
Borough  of  Brooklyn  NEW  YORK  CITY 
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INC1NES         Mfc  OILERS 

dwinRurhorn.m.e. 

IFFICIENT     llEST  DESICN 

71  WALL  STREET,  NEW  YORK 

CONTRACTOR  FOR 
COMPLETE  OR  PARTIAL 
EQUIPMENT  OF  STEAM 
AND  ELECTRICAL 
INSTALLATIONS. 


MARINE  ENGINE  AND  MACHINE  COMPANY 


HIGH  DUTY  PUMPING  ENGINES 

"NEW  STANDARD"  ELECTRIC  ELEVATORS 

PORTLAND  COMPANY  HYDRAULIC  ELEVATORS 

"BUFFALO"  REFRIGERATING  MACHINERY 
Works,  HARRISON,  NEW  JERSEY  New  York  Office,  80  BROADWAY 
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34th  PRECINCT  POLICE  STATION 
HIGHBRIDGE 

HORGAN   i   SLATTERY,  ARCHITECTS 


THOMAS  B.  LEAHY 
BUILDER 

9  EAST  42d  STREET 
NEW  YORK  CITY 


Telephone,  2350  38th  Street 
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READY  SHORTLY 

4to.  Cloth.  530  pages.  Illustrated.  Price.  $7.50 

Reinforced  Concrete 

BY 

CHARLES  F.  MARSH 

Assoc.  M.  Inst.  C.  E.,  Assoc.  M.  Inst.  M.  E. 

With  many  Tables,  Diagrams  and  Engravings 

CONTENTS: 
General  View  of  the  Subject.    Systems  Employed.  Ma= 
terials.    Practical  Construction.    Experimental  Re= 
search  and  Data  Deduced  Therefrom.  Calcu- 
lations.   Some  Structures  which  have  been 
Erected  in  Reinforced  Concrete.  Appendix. 

INTRODUCTION 
In  the  following  pages  the  author  has  endeavoured  to  place  before 
engineers,  architects,  and  others,  a   complete  treatment  of  the 
subject  of  reinforced  concrete,  in  so  far  as  is  possible  at  the  present 
day. 

All  the  subject  matter  has  been  so  arranged  as  to  facilitate 
reference  as  much  as  possible,  and  the  several  systems  used  up  to 
the  present  have  been  placed  in  alphabetical  order,  so  that  any 
particular  one  may  be  readily  found  when  desired. 

It  is  believed  that  the  part  relating  to  the  calculations,  covers 
all  forms  of  construction  in  as  concise  and  clear  a  manner  as 
possible.  The  formulae  for  slabs  and  beams,  although  giving  some- 
what smaller  dimensions  than  those  recommended  by  M.  Christophe 
in  Le  Beton  Arme  (a  standard  French  work  on  the  subject),  are 
still  well  on  the  side  of  safety,  and  it  is  hoped  that  the  tables  and 
diagrams  may  be  of  use  in  saving  the  labour  necessary  in  making 
the  requisite  calculation*.  The  subject  of  arches  has  been  dealt 
with  in  as  condensed  a  form  as  possible,  compatible  with  a  clear 
demonstration  of  the  methods  adopted  for  locating  the  pressure 
curve.  The  graphical  method  for  finding  the  stresses  to  be  resisted 
in  domed  coverings,  is  believed  to  be  entirely  new  and  greatly 
simplifies  the  treatment  of  these  structures. 

It  has  been  considered  advisable  to  illustrate  the  book  very  fully, 
in  order  that  all  the  subject  matter, where  possible,  may  be  rendered 
clearer,  and  that  a  true  idea  may  be  formed  of  the  remarkable 
adaptability  of  reinforced  concrete  for  constructural  purposes. 

D.  VAN  NOSTRAND  COMPANY 

Publishers  and  Booksellers 

23  HURRAY  AND  27  WARREN  STREETS,  NEW  YORK. 


COPIES  SENT  PREPAID  ON  RECEIPT  OF  PRICE 
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WARREN  ST.,  NEW  YORK,  LAID  WITH  C  R  EO  -  R  ES I  N  AT  E  WOOD  BLOCK  PAVEMENT 

UNITED  STATES  WOOD  PRESERVING  COMPANY 

29  BROADWAY,  NEW  YORK 


MEDINA 

"The  Stone  Everlasting" 

MEDINA  CURB  is  unequalled,  because  of  its  enormous  strength  and  its 
ease  of  working.    No  extremes  of  heat  or  cold  affect  it,  nor  do  bonfires. 

MEDINA  STONE  BLOCKS  equal  in  strength  and  crushing  strain  to  the 
best  granites,  have  this  immense  advantage — they  do  not  polish. 
Horses  will  not  slip  on  them  even  in  wet  or  muggy  weather.  Medina 
stone  blocks  wear  evenly  and  not  bottle  top,  as  do  granites.  Be- 
cause of  the  evenness  of  wear  and  the  closeness  of  the  joint  they  take, 
they  are  nearly  as  noiseless  as  asphalt.  The  life  of  Medina  pave- 
ment under  heavy  traffic  is  estimated  at  from  40  to  50  years.  Buffalo 
and  Cleveland,  have,  each,  more  than  100  miles  paved  with  Medina 
blocks.  Streets  in  Rochester  paved  with  Medina  20  years  ago  are 
substantially  as  good  as  new.    Used  extensively  in  other  cities. 

MEDINA  SIDEWALKS— MEDINA  CROSSWALKS  are  most  desirable. 
They  do  not  flake  or  scale.  They  wear  evenly.  They  last  practi- 
cally forever.    They  afford  the  safest  and  firmest  of  footholds. 

MEDINA  STONE  for  Building  Purposes  is  indeed  "The  Stone  Ever- 
lasting." Fireproof.  Exceedingly  rich  and  handsome  in  appearance. 
Send  for  illustrated  booklet  "  Medina." 

MEDINA  QUARRY  COMPANY 

Quarries,  ORLEANS  COUNTY,  N.  Y.  New  York  Office 

Home  Office,  ALBION,  N.  Y.  150  NASSAU  STREET 

Telephone,  1542  John 
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WARREN'S  PATENT 

"BITULITHIC"  PAVEMENT 

ENDORSED  BY  HORSEMEN 
IN  70  CITIES 

WHY?  IT  S  THE  WORLD  S  BEST 
WARREN  BROTHERS  COMPANY 

Postal  Telegraph  Bldg.,  New  York  City    93  Federal  St.,  Boston,  Mass. 


xxvm 


PUBLIC    BATH,   PITKIN  AVE.,  NEAR  WATKINS  ST  ,  BOROUGH  OF  BROOKLYN 

LOUIS   H.    VOSS,  ARCHITECT 

FULLER  &  O'CONNOR,  building  contractors 

28  GARFIELD   BLDG.,   26  COURT  ST.,    BOROUGH   OF   BROOKLYN.  N.Y. 
TELEPHONE,   3537  MAIN 

RUDOLPH    C     FULLER  THOMAS   G.  O'CONNOR 
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FRANK  J.  GALLAGHER 

GENERAL  CONTRACTOR 
547  PARK  PLACE,  BROOKLYN,  N .  Y . 


GRADING,  SEWERING  AND  WATER  MAINS  LAID 
PAVING,  MACADAM,  GRANITE,  BELGIAN   AND  COBBLE 


SAND,  CELLAR  EXCAVATION  AND  BUILDING  STONE 


ESTIMATES  FURNISHED 


Telephone,  2453  79th 

HERMAN  F.  LIPPE  &  BRO. 

MASONS,  BUILDERS  AND 

GENERAL  CONTRACTORS 

No.  1788  FIRST  AVENUE 
NEW  YORK  CITY 
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Li  h.  voss,  architect 

ALBERENE  STONE 

USED  FOR 

SHOWER   COMPARTMENTS,   URINAL  AND   TOILET  COM- 
PARTMENTS, WAINSCOTING  AND  STAIR  TREADS 


ALBERENE  STONE  CO. 

NEW  YORK  CHICAGO  BOSTON 
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NEW   YORK  BROOKLYN 

C)V  ELECTRIC  AL  ^  J\r 

EX  GIXEERING 

SPECIALTIES 

MARIXE  FITTIXGS     R.  R.  APPLIAXCES 
PORTABLES  ARC  LAMPS 


Sexd  for  Circular  of  ouk  Specialties.  Ouk  "  GEM  " 
Wire  GRIP  for  pulling  Wire  into  Conduit  is  a 
great  Labor-Saving  Device,    write  for  a  dkscrxptiox  an-d  cuts 


120  LIBERTY  STREET 

Factory,  Brooklyn,  X.  Y.        XEW  YORK  CITY 
Tel.  1050  Williamsburg  Tel,  7964  Cortlandt 


Telephone,  3774  Qravercy 

FANNING    &  REILLY 

Masons,  Builders  and 
General  Contractors 

150  Fifth  Avenue  new  york 

TELEPHONE  3097  79TH 


EDMUND  D.  BRODERICK 

Mason,  Builder  and  General  Contractor 

Office,  115  EAST  90th  STREET 
NEW  YORK 
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"Erected  without  Nail  or  Screw." 


HE   PUCKER    PORTABLE    STRUCTURES,  manufactured 


■  by  DUCKER  COMPANY,  277  Broadway,  New  York,  have 
received  the  highest  commendation  from  engineers,  and  City, 
State  and  National  officials,  by  whom  they  are  extensively  used. 
The  D  UCKE  R  patented,  portable  construction  is  recognized  by 
the  United  States  government  as 

THE  ABSOLUTE  STANDARD  OF  EXCELLENCE 

in  its  particular  field,  and  many  houses  of  the  Company  have 
been  erected  for  the  War.  Navy  and  Interior  departments.  The 


DUCKER  buildings  are  frequently  seen  in  New  York,  having  been 
adopted  by  the  Board  of  Rapid  Transit  Commissioners  in  count- 
less places  along  the  line  of  the  subway,  and  they  are  also  on 
view  in  all  of  the  small  parks  where  the  Nathan  Strauss  milk 
depots  stand  for  the  benefit   of  the  poor  of  the  municipality. 

In  construction,  the  DUCKER  houses  are  exceedingly  simple, 
so  simple,  in  fact,  that  they  can  be  erected  by  unskilled  labor, 
and  can  be  easily  taken  down  and  re-erected  in  another  location 
as  frequently  as  may  be  desired.  They  are  warm  in  winter  and 
cool  in  summer,  and  are  guaranteed  to  neither  warp  nor  leak. 
The  buildings  can  be  constructed  any  size,  and  are  erected  with- 
out Nail  or  Screw.   


DUCKER  COMPANY.  -  277  Broadway.  -  New  York.  N.  Y. 
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bp 

CDe  foening  post 
job  printing  pous 

156  ymton  Street 
flew  york 

Other  printing,  of  whateoer  nature, 
mill  be  done  equally  as  wz\\.j*.jt.j*.j* 
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PUBLIC  SCHOOL  24 
128TH  STREET  AND  MADISON  AVENUE,  MANHATTAN 

C.   B.  J.  SNYDER,  ARCHITECT 


WILLIAM  WERNER 
Builder  and  General  Contractor 

894  FOREST  AVEN  U  E 

BETWEEN  161ST  AND  163D  STREET 

BRONX,  N.  Y. 


TELEPHONE,  265  MELROSE 
1003  HARLEM 
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GERMAN  AND  AMERICAN 

OVER  2,000,000  BARRELS  YEARLY  CAPACITY 

ALS  EN'S 

THE  RECOGNIZED  STANDARD  IN  EVERY 
COUNTRY  WHERE  CEMENT  IS  KNOWN 

Although  the  Highest  Bidder.  ALSEN'S  was  selected 
in  preference  to  All  Other  Brands  for  the  Vault  Light 
Construction  of  the  entire  system  of  the  New  York  Sub- 
way Rapid  Transit  Stations.  It  is  being  used  in  this 
very  important  work  not  only  because  of  its  greater 
strength,  but  chiefly  because  of  its  absolute  safety  in 
actual  work. 

Sales  Offices:  45  BROADWAY,  NEW  YORK 


THE  STANDARD 

AMERICAN  BRAND 
ALWAYS  UNIFORM 


ATLAS 

PORTLAND 

CEMENT 


ENDORSED  AND  USED  BY 
ALL  LEADING  ARCHITECTS 
ANDENGINEERS  THROUGH- 
OUT THE  UNITED  STATES 


Manufactured  by 

THE  ATLAS  PORTLAND  CEMENT  CO. 

30  Broad  Street,  New  York  City  Send  for  Pamphlet 


CAYUGA   PORTLAND  CEMENT 

THE   LEADING   CEMENT  FOR 

Government,  Sta.te  a»nd  Municipal  Work 

Manufactured  by 

Cayuga  Lake  Cement  Co.,  Ithaca,  N.Y. 


READERS  ARE   REQUESTED  TO 
MENTION  THIS  PUBLICATION 
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NEW  BOILER  HOUSE,  METROPOLITAN  HOSPITAL 
B LAC KW ELLS  ISLAND 

GAVIN   HAMILTON,   SUPERVISING  ENGINEER 


ALBERT  WIIMTERIMITZ 

Builder  &  General  Contractor 

OFFICE 

237    EAST   7  2  d  STREET 
NEW    YORK  CITY 
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TELEPHONE  CALL,  1375  GREEN  PO  I  NT 

JOHN  PIRKL  IRON  WORKS 

(incorporated) 
240-246  NORTH  10th  STREET 
274-284  UNION  AVENUE 

STRUCTURAL  AND  ORNAMENTAL  IRON  WORK  RIVETED  AND  BRIDGE  WORK 

 BROOKLYN,   N.  Y.  

telephones:  1024  &  1025  Hamilton 

AUDLEY  CLARKE 

DEALER  IN 

LIME,  BRICK,  LATH,  CEMENT.  ETC. 

OFFICE  :  527  SMITH  STREET      RQAA»,  vw 
Yard  :  Gowanus  Canal,  near  9th  St. 

PRIVATE   EXCHANGE  CONNECTING  ALL  BRANCHES 

United  Headm^  Company 

Contracting  Engineers 

174  WOOSTER  STREET  NEW  YORK 

TELEPHONE  CALL   1625  RIVERSIDE 


F  .    F  .  JACKSOX 
Electrical  Contractor 

592  COLUMBUS  AVENUE,  NEW  YORK 

Between  88th  and  89th  Streets 


TELEPHONE  No.  1807  BEDFORD 

MYRON  C.RUSH 
BUILDER  AND  CONTRACTOR 

No.  327  FRANKLIN  AVENUE,  BROOKLYN,  N.  Y. 


TELEPHONE,  389  J  TREMONT 

J.  E    BUTTER  WORTH 
CARPENTER   AND  BUILDER 

2070    RYER  AVENUE 

NEAR     180TH  STREET 

NEW  YORK 
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FIRE  ENGINE  HOUSE  No.  62,  WHITE  PLAINS  AVENUE 

WILLIAMSBRIDGE,    BOROUGH   OF  THE  BRONX 

LAURENCE  J.  RICE,  Mason  and  Builder 

telephone,  2584  franklin  396  BROADWAY,  NEW  YORK  CITY 
— BMBBBBBHB=B=B5  I    I  BE^=Bg— 

THE  DEVOE  PRODUCTS  ARE  UNIVERSAL  STANDARDS 

F.  W.  Devoe  and 

C.  T.  Raynolds  Company 

NEW  YORK  &  CHICACO 

PA1NT5,  VARNISHES,  BRUSHES 
ARTISTS'  AND  ENGINEERS' 
SUPPLIES 
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Municipal  Journal  and 

255  BroaLdwaLy  -    -  - 

An  Illustrated  Monthly  devot 

MUNICIPAL  PROGRESS  an 
PUBLIC  IMPI 

Uhe  recognized  authority  on  all  muni 


L 


Subscription  price  $3.00  per  year 


BUFF 
TRANSITS  AND  LEVELS 

for  Railroads,  Highways,  Bridges  and  all  kinds 
of  Civil  Engineering. 

Largest  variety  in  styles  and  sizes. 

Chosen  exclusively  by  the  Pennsylvania 
Railroad  Tunnels,  New  York  Rapid  Transit 
Subway,  U.  S.  Corps  of  Engineers,  Imperial 
Railroad  of  China  and  all  progressive  engineers 
who  base  their  choice  on  real  and  tried  accuracy 
in  the  field.    Send  for  New  Catalogue. 

BUFF  &  BUFF  MFG.  CO. 

Jamaica  Plain  Station,  Boston,  Mass. 


ELECTRIC  LIGHT  PRINTS  MADE  DAY  OR  NIGHT 

i.  G.  SOLTMANN 

¥&£±^*^WIAsE4z*&£6  DRAWING  MATERIALS 

125  East42d  Street,  New  York 
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Special  Prices  for  trial  orders  for 

PRINTS 

Up  to  12  feet  in  length 

BLACK  PRINTS,  3  cents  square  foot 
BLUE        "       2  cents  square  foot 

Smallest  Prints  from  5  cents  each  up 
Write  for  Price  List  of  DRAWING  MATERIALS  and  Samples  of  Paper 


MADE  IN  ONE  PIECE 

^ir  s2.  wide* 
ANY  LENGTH 


THE  WADSWORTH  STONE  AND  PAVING  CO 
KENTUCKY  ROCK  ASPHALT 

IN    POWDER    OR    MASTIC  FORM 


New  York  Office  :  32  Broadway 


T.  HUGH  BOOKMAN,  Manager. 


